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From Half-Tonner to Highway Giant 


HYDROVAC* 


the World's Most Versatile Power Brake! 





More truck capacities and types are served by Bendix 
Hydrovac power braking than by all other power 
brakes combined! This versatility actually lowers the 
cost of Bendix power braking because it has resulted 
in such widespread usage and quantity production 
Regardless of size, therefore, every truck you make oF 
own can be Hydrovac-equipped at a price in line 
with the truck’s original cost —an exclusive Hydrova 
advantage! Contact the factory for specific information 
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THE 100 MILLIONTH AMERICAN-BUILT MOTOR VEHICLE 


rolled off an assembly line this year. . . . Beginning with a “cluster of alley shops” 
at the turn of the century, the U. S. automobile industry now has 112 final assembly 
plants, located in 77 cities in 24 states. ... “’Mass markets for motor vehicles did not 
exist in the United States at the start,’” says the Automobile Manufacturers Association. 
“The markets were created... . Created by the mass production machinery which gave 
us better motor vehicles at lower prices... . But created first in the minds of free men.” 
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RODUCTION developments in the automotive in- 
dustry—from the management level to details in 
fabricating parts and components—combined to 
make the 1948 SAE National Production Meeting 
and Clinic, Oct. 21-22, one of the most important 
technical events in the history of the Society. At- 
tendance was large and discussions vigorous during 
the two-day event at the Hotel Statler in Cleveland. 
The meeting opened at 2 p.m., Oct. 21, with John 
E. Hacker, chairman of the General Committee 
presiding, and closed with the dinner where James 
F. Lincoln, president of Lincoln Electric Co., told 
the capacity audience that Russia has made tre- 
mendous strides toward becoming the world’s lead- 
ing industrial producer. 

That country has retreated from the doctrines of 
Marxian Communism, and throughout the USSR, 
he said, minutely detailed goals and incentives have 
been set up to encourage maximum production, and 
the Stakhanov movement rewards members with 10 
times the pay as the average worker. 

On the other hand, industry in the United States 
has gone into reverse gear, and the trend is to work 
less and less for more and more pay, he pointed out. 

Russia’s daily quota for masons is laying 2150 
bricks per man, and “our featherbed quota is 500 to 
800,” he said. Russia’s champion bricklayer lays 
19,000 in eight hours, and, like teachers who write 
textbooks, farmers who increase livestock herds, and 
scientists, receives a bonus. 

“The Russian incentive system is administered by 
a brutal police state, and is not for us to emulate, 
but the Russians are boosting industrial and agri- 
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Robert F. Steeneck, chairman of the 
All-Day Production Clinic, standing 
alongside the directory with two 
of the eight guides who ushered 
members and guests to the various 
rooms where the specialized panals 
were held. Elmer Molnar, 
General Committee member. js 
second from the left 
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cultural production. Unless we stop our present 
drift, Russia may soon be ahead of us,” Lincoln 
declared. . 

“To a large degree management is indifferent to 
declining productivity as long as the seller’s market 
holds. Labor and management are now working to- 
gether on a relationship of mutual toleration in- 
stead of enthusiastic cooperation. 

“Management must recognize its responsibility to 
the consumer,” he said, “and produce better prod- 
ucts for less. All industry must adopt and follow 
some plan for incentive management and he cited 
success of such a plan in his own company’s oper- 
ation.” 


Seven Specialized Panels 


The All-Day Production Clinic, planned and ad- 
ministered by Robert F. Steeneck, chairman, and his 
associates, again was highly successful. Experts on 
the seven panels included a company president, 
three vice-presidents, nine chief and executive en- 
gineers, six manufacturing executives, eight metal- 
lurgists, four quality and production control execu- 
tives, two consulting engineers and several factory 
superintendents. 

Experts came from the states of New York, New 
Jersey, Massachusetts, Connecticut, Pennsylvania, 
Delaware, Indiana, Michigan, and various parts of 
Ohio besides Cleveland. 

Panels were on: 

@ Die Casting & Plating, 

® Gears, 

@ Inspection & Quality Control, 
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John E. Hacker, General Chairman of the 
SAE National Production Meeting & Clinic, 
left, with principal Dinner Speaker James 
F. Lincoln, president, Lincoln Electric Co. 
Toastmaster A. T. Colwell, a past-presi- 
dent of the Society, and J. B. Armitage, 
SAE vice-president for Production En- 
gineering 





Clinic Highlights 
Cleveland Event 


e Material Handling, 

e Metallurgy & Heat Treatment, 

@ Production & Manufacturing Control, and 

e Welding. : 

The morning, afternoon, and late afternoon ses- 
sions were well attended, and were considered by all 
to have been even more helpful than last year’s 
highly successful event. 

Higher materials and manufacturing costs have 
focused considerable attention upon the role of 
quality control systems in the automotive industry, 
and a paper on that subject, one on a new foundry 


The panel at the left 
shows Norman Hoertz, 
chairman of the Cleve- 
land Section, who wel- 
comed members § and 
guests to the 1948 SAE 
National Production 
Meeting & Clinic. He 
was a member of the 
General Committee. The 
group at the right shows 
Joseph Geschelin, chair- 
man of the Production 
Engineering Activity 
Meetings Committee, 
with SAE Vice-President 
}. B. Armitage, and 
Robert F. Steeneck, who 
was in charge of the 
seven Production Clinic 
Panels 


practice, and another on manufacturing the com- 
plex Buick Dynaflow opened the meeting on Oct. 21. 

Quality control systems can improve inspection 
and reduce its cost, increase assembly output, and 
reduce overall manufacturing expense. 

These points were clearly demonstrated by one 
speaker, and the discussion period which followed 
took on all appearances of a symposium on the sub- 
ject as manufacturing executives freely cited their 
experiences in reducing shop and assembly costs 
by adopting such systems in their own plants. 

Speaker and discussers were in agreement on this 























Authorities on design and manufacture who com- 

posed the Gears Panel were Bain Griffith, Chevrolet 

Gear & Axle Division, GMC, left, B. F. Bregi, National 

Broach & Machine Co., Panel Leader C. W. Genson, 

Cletrac Division, Oliver Corp., R. P. Lewis, Spicer 

Mfg. Division, Dana Corp., and G. H. Sanborn, Fellows 
Gear Shaper Co. 


Die Casting & Plating Panel, seated left to right: L. W. 
Blauman, B & T Engineering & Sales Co., Joseph Gurski, Ford 
Motor Co., Panel Leader R. D. Beatty, Jr., Manor Die Cast 
Corp., and J. C. Fox, Doehler-Jarvis Corp. Standing: Arthur 
Townhill, Thompson Products, Inc., W. M. Phillips, Research 
Laboratories Division, GMC, C. E. Zwahl, Chevrolet Motor 
Division, GMC, and C. F. Nixon, Turnstedt Division, GMC 


Production & Manufacturing Control Panel consisting of B. A. 

Cummings, Thompson Products, Inc., L. 1. Woolson, Chrysler 

Corp., Panel Leader S. F. Stewart, Leece Neville Co., C. A. 

Koepke, consulting industrial engineer, and Fred Boze, Delco- 
Remy Division, GMC 





Production Experts Answer Manufacturers’ Questions 


Inspection & Quality Control Panel comprised by 

J. R. Steen, Sylvania Electric Products, Inc., Keith 

Van Kirk, Magnaflux Corp., M. J. Barrett, Inter- 

national Business Machines Corp., Fred Galbos, 

White Motor Co., A. A. Weidman, Detroit Diesel 

Engine Division, GMC, and Panel Leader W. S. 
Howard, White Motor Co. 


Welding Panel experts were, seated: }. Deffen- 
baugh, Federal Machine & Welder Co., left, P. H. 
Setzler, United Welding Co., R. A. Wilson, 
Lincoln Electric Co., and —. R. Seabloom, Crane 
Co. Standing: James B. Brow, Burdette Oxygen 
Co., A. L. Williams, Federal Machine & Welder 
Co., Panel Leader K. W. Schreeck, Towmotor 
Corp., N. F. Bratkovich, Electro-Motive Division, 
GMC, and K. H. Jackson, Caterpillar Tractor Co. 





Material Handling Panel made up of Joe Frischmann, 
Towmotor Corp., Ralph R. Shelton, Mechanical Handling 
Systems, Inc., Panel Leader Kurt Weise, Cleveland Crane 
& Engineering Co., E. L. Hineline, Firestone Tire & 
Rubber Co., and James Conklin, Clark Equipment Co. 


Metallurgy & Heat Treatment Panel with W. J. 
Diederichs, Autocar Co.. Raymond McCullough, Ford 
Motor Co., Panel Leader H. B. Osborn, Jr., Ohio Crank- 
shaft Co., T. A. Frischman, Eaton Mfg. Co., and E. S. 


Rowland, Timken Roller Bearing Co. 
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point: To be successful, a quality control system 
must have the active support of top management. 

Importance of training key men was stressed, and 
as much as six months is required for this educa- 
tional program, a speaker said. 

Most important factors in cost reduction through 
an adequate system of manufacturing quality con- 
trol include: 

e Eliminating all selective fitting, 

e Control of tool and die life, 

e Marked reduction in foundry and machine shop 
scrap, and 

e Selection of materials and parts suppliers in 
terms of highest quality, accuracy and lowest cost. 

Records showed the number of defective parts en- 
tering the assembly line from the receiving inspec- 
tion department and machine shop were sharply 
reduced. This increased output due to a continuous 
supply of usable parts. 

Selection of the group of trainees to administer 
the quality control system described is made by 
management on the basis of experience anc. knowl- 
edge of the operations of the various departments 
from which the men were chosen. 

A two years college course in the specialized sub- 
ject was compressed in a six months course. Then 
subsequent work on practical examples in the shops 
welded theory and practice. 

How an idea of precision casting of nonsymmetri- 
cal shapes was adopted from a class of sculpturing 
at Antioch College and put to use in producing cast- 
ings for the Dynaflow was detailed by another 
speaker, who stated that the first aluminum cast- 
ings which satisfied the Allison aircraft engine en- 
durance tests were made by this process. 


Plaster Envelope 


The basic ingredient of the mold material is gyp- 
sum. This is dry mixed with controlled proportions 
of sand, asbestos, talc, and sodium silicate. Water 
is added, and the mix is pumped into molds through 
a hose, forming molds and cores. These are as- 
sembled into complete molds, and are cured and 
oven dried at 450 F. 


The plaster envelope produces smoother surfaces, 
and aluminum prefers plaster to sand, and will as- 
sume much thinner sound sections in plaster envel- 
opes. 

Although at the present stage the complete time 
cycle is long because curing time takes a total of 40 
hours by several processes, the speaker held that the 
process opens a wide field of application in the 
industry. 

Work on the process and metallurgical assistance 
will go far to reduce this time cycle, he predicted. 


| Reason why foundry practice has been hampered 
in development paralleling that in the machine shop 
and in other phases of automotive manufacture, the 
author said, was that the age old art still worships 
“false gods of ancient tradition.” 

Development of precision casting has demon- 
Strated that a great deal of money can be saved due 
to eliminating machine finishing work on castings. 

Details of machining the Dynaflow parts were dis- 
closed by two other speakers, who pointed out that 
the unit has 354 different parts, weighs 217 lb, and 
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e FUELSS 
LUBRICANTS Meeting 


Report appears on 
p. 60 of this issue 


e ANNUAL Meeting 


Complete program on 
p. 58 of this issue 











replaces the conventional flywheel, clutch, and 
transmission unit which weighed 170 lb. 


It took a “multi-million dollar” tooling program 
to set up for manufacturing 500 units a day. The 
company purchased 393 new machines, reworked, 
retooled, or reallocated 180 more, and pressed into 
service other manufacturing machinery and equip- 
ment. The company is well along on its tooling for 
Dynafiow units for other Buick models, it was re- 
ported. 


Included were No. 10 Fellows Rotary Gear Shapers, 
a ten-station machine, 111% ft high, 12 ft 4 in. diame- 
ter, and which weighs 4% tons. 


The transmission requires a high degree of preci- 
sion throughout, and machinery of some 100 manu- 
facturers has been brought together for performing 
this exacting task. 


Based on three papers and discussions presented 
at two sessions under the chairmanship of E. F. 
Gibian and Joseph Geschelin. “The Installation of 
a Quality Control System in the Automotive Plant 
of Minneapolis-Moline Power Implement Co.” by 
Dr. J. N. Berrettoni; “The Antioch Process and Its 
Relation to the Foundry” by E. A. Canning, Allison- 
Bedford Foundry, Allison Division, General Motors 
Corp., and “The Manufacture of the Dynaflow 
Transmission” by F. C. Pyper and A. G. MacDougall, 
Buick Motor Division, General Motors Corp. These 
complete papers are available from the SAE Special 
Publications Department. Price: 25¢ to members, 
50¢ to nonmembers. 
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BASED ON PAPER* BY 
]. M. Campbell, D. F. Caris, and L. L. Withrow 


Research Laboratories Division, GENERAL MOTORS CORP. 


(This paper will be printed in full in SAE Quarterly 
Transactions) 


ODAY the petroleum industry has refining ca- 

pacity to produce about 20% of its total volume of 
gasoline in the 96-98 Research octane range, or suf- 
ficient to supply fuel for several years’ production 
of cars with high compression engines. 

But to produce still greater quantities of gasoline 
in this range would require drastic increases of 
capital outlay in refining equipment. Hence the 
recent proposals for alcohol-water-tetraethyl lead 
injection, and dual fuel systems to greatly expand 
the effectiveness of a limited quantity of high octane 
gasoline. 

Whether or not the public widely accepts these 
ideas, distribution of a high octane fuel on a nation- 
wide basis will be required eventually for production 
engines needing this fuel. 

Solution of this problem is at once a challenge and 
an opportunity for the continued progress in fuels 
and engine devolpment such as has occurred during 
the past 20 years. 

Fuel economy of the average of domestic cars of 
all makes increased from 28 ton-mpg in 1930 to 
about 38 ton-mpg now, Fig. 1, an increase of over 
30%. This represents a significant engineering 
achievement in more efficient use of fuel. 

The significance of this achievement is even more 
striking when it is recognized that decided improve- 
ments in car performance have accompanied the 
marked increases in fuel economy. 

One of the most obvious design trends that has 
occurred during this period is the increase in com- 
pression ratio. This trend, Fig. 2, shows the average 
of all domestic makes of passenger cars. 

This also shows the accompanying steady rise in 
octane number. Actually, the incremental increase 
in octane number from year to year has preceded 
the increase in compression ratio. Increasing oc- 


*Paper “Increasing the Thermal Efficiencies of Internal Combustion 
Engines” was presented at the SAE National West Coast Meeting, Aug 
18, 1948 





INCREASING ENGINE 


tane number has made the increase in compression 
ratio possible. However, if we compare the increase 
in fuel economy expressed in ton-miles per gallon 
with the calculated increase in efficiency, we note 
that the actual increase in fuel economy is far 
greater than would be predicted on thermodynamic 
grounds from the increase in compression ratio that 
has taken place. Increase in efficiency between a 
compression ratio of 5 to 1 and 6.7 to 1 is about 4%. 
This is equivalent to a change in fuel consumption 
of about 14% because only about 29% of the original 
fuel is transformed into useful work at a compres- 
sion ratio of 5 to 1. 

We might conclude that approximately one-half 
of the gains made in fuel economy can be directly 
accounted for by the increase in octane number 
made available by the petroleum industry. The re- 
mainder has been achieved through refinements in 
engineering design by automobile manufacturers. 

It is no exaggeration to say that the American 
public would like its automobile engines to run so 
smoothly under idling conditions that the driver 
would have to look at an indicator to determine 
whether or not the engine is running. Then, when 
the car is put in gear, the engine must operate per- 
fectly at all speeds and loads. 

For best customer acceptance, the quality of the 
car performance is perhaps even more important 
at part throttle than at full throttle, because the 
average motorist burns most of his fuel while 
operating at part load. 

Air-fuel ratio is one of the principal variables that 
the automotive engineer uses to control his objec- 
tives under part load and full throttle service. Be- 
tween 20 and 70 mph the road load air-fuel ratios 
are much leaner than the full-load values. 

Some evidence on how the average air-fuel ratios 
changed between 1930 and 1947 is given in Fig. 3. 
This shows air-fuel ratios which theoretically are 
lean enough to completely burn the carbon mon- 
oxide and hydrogen as well as the maximum econ- 
omy air-fuel ratios that are required by a 12.5 to 1 
compression engine. 

Between 1933 and 1940, the road-load air-fuel 
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Fig. |—The 30% increase in ton miles per gal; the average of 
domestic automobiles, 1930 to date 


ratio increased very markedly between 20 and 60 
mph. The increase amounted to as much as 2 air- 
fuel ratios, resulting in a substantial improvement 
in fuel economy. Under full-throttle conditions, 
however, there was very little change in air-fuel 
ratio during this 7 year period. Such changes as 
occurred were limited to the range of speeds be- 
tween 10 and 30 mph; thus, they are probably to 
be attributed to improvements in distribution. 
These improvements are associated with the use of 
automatic heat control on the mixture and certain 
other changes in manifold design. 

The reason why engines could operate under road 
load conditions with air-fuel ratios as lean as 16 to 
1 in 1940, whereas the leanest found in 1933 in six 
cars was 14.7 to 1, is that combustion progresses less 
and less rapidly as the air-fuel ratios are leaned out 
from the maximum power values. Accordingly, the 
spark advances must be kept compatible with the 
air-fuel ratios that are used under road-load con- 
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Fig. 2—Increases in octane numbers preceded compression ratio 
increases, the former making the latter possible 


ditions. Otherwise, the carburetor engineer must 
enrichen the mixtures to make the car responsive 
to slight changes in throttle setting in the road-load 
range of operation. 

Vacuum spark control makes possible air-fuel 
ratios as lean as 17 to 1 for road-load operation in 
high compression engines because the resulting in- 
crease in spark advance compensates for the fact 
that the flames travel more slowly in 17 to 1 air- 
fuel mixtures than in 13 to 1 mixtures. Moreover, 
flames propagate at slower rates as the concentra- 
tions of residual gases increase. The latter, together 
with limitations in metering characteristics of con- 
ventional carburetors, is largely responsible for the 
use of air-fuel ratios appreciably richer than the 
theoretical value when aperating at the very light 
loads which are encountered at cruising speeds be- 
low 30 mph, as shown in Fig. 3. 

Importance of air-fuel ratio and residual gas con- 
centration on the average rate of combustion is 
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especially significant under road-load conditions 
because this is an important range of automobile 
operation. 

In this range the automobile engineer has con- 
tributed a half of the 30% gain in ton-miles per gal 
realized between 1930 and 1947. Better coordination 
of compression ratio, fuel characteristics, carbure- 
tion, and other factors accounted for this gain. 

Despite mechanical improvements achieved, the 
automotive engineer is keenly aware of the distri- 
bution problems which must be solved at a price 
which the American public can afford to pay. 

He is also aware of the gains to be had by leaning 
out further the air-fuel mixtures, especially in the 
low speed range under part-load conditions. But 
the partial solution to the latter problem is to be 
obtained by reducing the residual gas concentration 
which will come with further increase in compres- 
sion ratio. 

Because compression ratio and octane quality go 
hand in hand, engineers must make a compromise 
between compression ratio, power development, and 
spark advance to minimize the engine’s octane re- 
quirements. 

The General Motors 12.5 to 1 compression ratio 
engine* demonstrated: 


@ High compression engines manufactured to con- 
form to accepted standards of smoothness and gen- 
eral performance demanded of today’s automobile 
powerplants, and 


@ Large gains in fuel economy over current levels 
can yet be made, provided suitable fuel can be had 
by motorists at reasonable cost. 


The Corporation has built several engines suitable 
for commercial production at compression ratios 
between that of the 12.5 to 1 experimental unit and 
current production levels. 

In every instance acceleration, hill climbing abil- 
ity, and general response of cars with these engines 


* More Efficient Utilization of Fuels, C. F. Kettering, SAE Quarterly 
Transactions, Vol. 1, p. 669 (1947). 








performed as well, if not better, than corresponding 
production cars, Fig. 4. 

Here percent gain in mpg is plotted vertically 
against Research octane number. Comparisons are 
with corresponding 1946-47 production automobiles. 
Inconsistencies are due to different experimenta) 
engines being compared with different baseline en- 
gines. Comparisons also were made by different 
groups of engineers. Figures in the symbols show 
the various compression ratios of engines tested. 

The 10 to 1 engine, with about 98 Research octane 
number fuel, was from 40 to 45% more economica] 
in fuel consumption than was its corresponding 1947 
production car which requires approximately 85 Re- 
search octane number gasoline. 

Symbols “8” denote performance levels of two 8 to 
1 compression ratio engines of completely new de- 
sign for using some of the better grades of gasoline 
commercially available since World War II. Note 
that gains up to 25% in fuel economy, as compared 
with their production model counterparts, were 
registered. 

The 7.5 to 1 engine showed economies from 10 to 
25% with gasolines with octane numbers not much 
above that of some premium grades now generally 
available. Still greater economies in mpg could be 
shown with gasolines of higher octane number 
levels. 

These gains have been shown repeatedly in several 
engines all using the high compression principle 
plus engine design changes required. These data 
are supported by thousands of miles of operation in 
different makes of cars and under a wide range of 
driving conditions. 

Gains in fuel economy more than offset increased 
costs of high octane fuel to create an economic bal- 
ance in favor of increased compression ratio. 

However, fuel economies running as high as 40% 
without loss of performance are sufficient to offset 
a considerable increase in fuel cost. 

(Complete paper on which this article is based is 
available from SAE Special Publications Depart- 
ment. Price: 25¢ to members, 50¢ to nonmembers.) 
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« Fig. 3—Change in average air-fuel ratios, 1933 and 1940 


Fig. 4—Some observed effects of higher compression in 

GM experimental automobile engines on fuel economy 

and octane requirement. Compression ratios are shown 
within the symbols 
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Planetary 


Transmissions for Tractors 


BASED ON PAPER* BY 


Howard W. Simpson 


Consulting Engineer 


(This paper will be published in full in SAE Quar- 
terly Transactions) 


HE successful application of planetary gearing to 
heavy-duty units, such as 2-speed truck axles, 
airplane engines, winches, hoists, electric motors, 
and, during the war, to tanks, has renewed en- 


_ gineering interest in the possibility of adapting this 


type of gearing to agricultural and other tractors. 

Actually, some early tractors (as well as most early 
autos) had planetary transmissions, which usually 
provided two forward speeds, manually operated. 
They disappeared with the demand for more speeds 
because they required a separate operating pedal 
for each speed, whereas the sliding-gear transmis- 
sion could be operated with a single lever. 

New ideas, new materials, and new methods have 
now made it possible to design a planetary trans- 
mission that overcomes this objection and also goes 
along way toward realizing the requirements of the 
ideal transmission: 


@ Long life with low maintenance, to minimize 
expensive delays for repairs. 


® Quiet operation and speed changes without 
clash or shock, to reduce driver fatigue and wear 
and tear on parts. 


® Finger-tip control of speed changes without 
the use of clutch pedal, for quick convenience and 
minimum driver fatigue. 


_ @ High mechanical efficiency, to reduce heat loss, 
increase fuel economy, and do more work. 





* “Planetary Transmissions for Agricultural and Industrial Tractors” 


presented at the SAE National Tractor & Diesel-Engine Meeting, 


vaukee, Wis., Sept. 8, 1948 
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@ Continuous power—no interruption of power 
flow when changing speeds. 


e Light weight and reasonable manufacturing 
cost. 

These requirements can be realized, or at least 
closely approached, with the planetary transmission 
because this type of gearing can be designed to re- 
duce materially overloading, wear, noise, and fatigue 
of both driver and materials. : 

Although present conventional countershaft 
transmissions represent fine manufacturing and 
workmanship, the principles incorporated in them 
contain the seeds of destruction, that is, unbalanced 
forces, which lead to wear, breakage, and high main- 
tenance costs. 

The most important contribution to the develop- 
ment of an improved, high-efficiency planetary 
transmission is the modern hydraulic servo control. 
Also helpful are new, long-life friction materials for 
linings and facings of transmission brakes and 
clutches, new equipment in gear cutting, metallurgy, 
and heat-treatment, and an increased knowledge 
about planetary gear systems that gives us a better 
opportunity to select, from among the almost limit- 
less number of gear combinations, the right one for 
a particular job. 


Gear Arrangements 


Of the many Gifferent types of planetary systems, 
probably the simplest is the one shown in Fig. 1. 
Since all forces are balanced, this system is ideal for 
both transmission and final-drive gearing of trac- 
tors. If the usual three planets are used, the tooth 
load is roughly one-third of that in sliding gears. Of 
course, the load can be further reduced by using 
more than three planets. 

A transmission and final drive or axle drive can be 
built with many different arrangements of this type 
of gearing. Two planetary trains will usually be 
sufficient to obtain up to five forward speeds and one 
reverse. (In some cases, it may be similar to use 
three trains, as the coupling and uncoupling of the 



























Table 1—Members Engaged in Various Speeds 





Clutches Brakes 

Neutral G 
First hg G E 
Second Cc G A* »* 
Third Cc es A D 
Fourth B* [ F A 
Fifth B F D* 
Reverse B* ce E 
Fourth 

(optional 

method) B* G A 


* These engage under load; others before load is applied. 


Table 2—Planetary Gear Sets Working in 
Various Speeds 


First Second Third Fourth Fifth Reverse 
First Set x x x : 
Second Set X x x x 


various parts of two trains may be difficult for 
certain ratios.) 

With two trains, each can be used individually to 
obtain intermediate ratios. They can then be 
coupled together and used over again for slower 
forward or reverse ratios, to make all the gears do 
useful work. It is possible to couple them in one, 
two, or even all three of the following ways in the 
same transmission: 

1. Compound gearing—in which the multiplied 
torque of the first set is imposed on the second set. 

2. Opposed differential gearing—in which the 
two sets are in the opposed position with one train 
dominant. 

3. Cooperative differential gearing—in which the 


two sets are coupled so each contributes part of the 
work. 


Operation of Planetary Transmission 


The reaction member of any planetary drive must 
hold a torque in forward speeds equal to the differ- 
ence between the input and output torque of the 
transmission, regardless of the type of gearing used. 
For instance, if the gear ratio is 5:1, the brake 
torque is four times the engine torque. There are, 
however, a number of ways of avoiding large, heavily 
loaded friction brakes and making sure of their suc- 
cessful operation. 

1. Overrunning brake (as a substitute for the 
friction brake)—in which one-way rollers or sprags 
are used between the reaction member and a 
hardened ring anchored in the housing, to allow 
automatic release of the brake under torque reversal 
when a higher speed is engaged. 

2. Friction lock—The brake is engaged while it 
is disconnected from torque, and thus must over- 
come only the inertia of the idling parts. Then it 
is connected to the engine by a clutch that, thanks 
to planetary gearing, can be arranged to engage a 
load that is only a fraction of the engine torque. 





The sequence engagement of brake and clutch is 
accomplished rapidly by the hydraulic servo contro) 
which is an integral part of the planetary trang. 
mission. 

3. Fluid coupling—which is used to reduce impact 
and to relieve the friction engaging members in a 
planetary transmission, as it shares the slippage. It 
also prevents stalling of the engine if the load is 
too great. 

4. Controlled slippage—by means of an overrule 
valve actuated by the torque reaction of the brake 
that is to be released. 

5. Positive engagement—by means of the hydray- 
lic servo mechanism, in which the engagement is 
uniform because the hydraulic pressure is uniform 
and is slow enough to avoid impact but fast enough 
to avoid heating. 

6. Sharing of frictional loads—by means of the 
several frictional members in the planetary job in- 
stead of a single dry clutch. . 

7. Planetary final drive permits smaller brakes in 
the transmission—if small ratios are used in the 
transmission and high ratios in the final drive, the 
former is not burdened with work that can be done 
by the latter, and thus the transmission can be con- 
structed with inexpensive gears, control clutches, 
and brakes. 

In the past few years, the higher and higher gear 
ratios that have been needed to take care of higher 
engine speeds and tires of larger diameter have made 
it necessary to construct very large transmissions 
and final drives when conventional gears were used. 

When planetary gearing is substituted, however, 
large ratios can be obtained jn a small space, thus 


allowing the design to be compact and light in 
weight. 


Power Take-off 


In a tractor, satisfactory operation requires that 
the operator be able to operate power take-off and 
the transmission either independently or simul- 
taneously with a single hand or foot motion. 

With a conventional transmission this requires a 
master engine clutch, a special friction clutch for 
the transmission, and another special friction clutch 
for the transmission. 

In a planetary transmission, however, speed 
changing does not require declutching as this is 
taken care of by the speed-engaging members in the 
transmission. Consequently, no special clutch is 
needed for the transmission. Neither is a master 
clutch controlling both power take-off and trans- 
mission necessary, as their control levers can be 
grouped to permit operating them as one. Also, with 
this arrangement the power take-off does not stop 
when changing speeds. 


Control 


Control can be either manual or automatic. With 
manual control Bowden wire connections from the 
selector lever to valves at the side of the transmis- 
sion are used. “ 

With automatic control the forward speed desired 
is first manually selected, but the actual start 1s 
made in the lowest speed, through action of 4 
governor driven by the output shaft of the transmis- 
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sicn. As soon as the tractor is under way the trans- 
mission goes into the selected speed unless a lower 
speed is required by the load. A simple torquemeter 
in the output power line modifies the valve action to 
accomplish this operation. 


Application 


The foregoing ideas concerning planetary gear 
types, arrangements, and methods of operation can 
be utilized in many ways in the design of planetary 
transmissions. 

Perhaps a clearer conception of how they can be 
used may be gained from the study of a transmis- 
sion that incorporates some of them. Fig. 2 shows 
the half section of a planetary transmission that 
provides five speeds of approximately 2, 334, 5, 6, 8% 
mph, with a reverse of 244 mph. 

The transmission consists of a fluid coupling and 
two sets of simple planetary gears of the fully bal- 
anced type, shown in solid, with helical planet 
pinions. 

Table 1 shows the members engaged in the various 
speeds. 

For low speed they are coupled in cooperative 
differential relationship by the center clutch C. The 
arrows show the double or parallel path of power 
through the transmission in low gear only. A one- 
way brake J carries the reaction load, brake E the 
overrun, and clutch G transmits that portion of the 
output torque produced by the front set of gears. 

In second speed clutches C and G remain engaged 
but brakes A and D engage to take the torque reac- 
tion through the one-way clutch H. The first set of 
gears drives in second while the second set idles. 

In third, both sets are again connected, but this 
time in compound instead of differential relation- 
ship. A, C, and D remain engaged as in second but 
clutch F is engaged instead of G. 

In fourth, or direct, brake D is released and clutch 


A B 


B locks the gears together so that they rotate as a 
solid unit. (Table 1 shows an optional method of 
obtaining fourth speed.) 

In fifth, or high, speed, A and C release and brake 
D engages. Fifth speed is through the second set 
of gears only, and is an overdrive ratio. 

In reverse, clutches B and C and brake E are en- 
gaged, and drive is through the second set of gears. 

Table 2 shows which planetary gear sets are work- 
ing in the various speeds. 

In this transmission there are no gears idling in 
any speed except second—the nonworking gears 
rotate solidly as a whole. This particular trans- 
mission train is also applicable to cars and trucks. 

(Complete paper on which this article is based is 
available from SAE Special Publications Depart- 
ment. Price: 25¢ to members, 50¢ to nonmembers.) 





Fig. 1—Fully balanced internal-gear type of planetary system 
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Fig. 2—Diagrammatic sectional view of 5-speed planetary tractor transmission 
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BASED ON PAPER* BY 


Martin Berlyn 
Consulting Engineer 
American Bosch Corp. 





Fig. |—New American Bosch 
PSA single plunger pump for 
six-cyl 4-cycle engine 


Fig. 2— Conventional APE 

type six-cyl pump, left, 

shown in comparison for size 

of the smaller PSA injection 
pump 


UTOMOTIVE diesel fuel injector designers must 
| patna from the traditions of the industrial and 
marine engine approach. Pumping and metering 
should not be scaled down derivatives of the older, 
Slow speed engines. 

Design considerations are: 

@ No compromise with performance is acceptable, 


@ Low-cost equipment must be able to be main- 
tained at low cost, 

@ Substantial cost reduction must be made in 
method of mounting and means of driving, and 

@ Installation, timing, and final adjustment on 
engines must be easy and foolproof. 

With some engines a timing device to reproduce 
performance given by a pump having variable 
timing at the beginning of injection would have to 
be added. 

This throttled intake pump has been effective on 





* Paper “Considerations in the Development of Low-Cost Fuel Injection 
Equipment” was presented at SAE Metropolitan Section, May 19, 1948 











small single cylinder industrial diesels of around 10 
hp, where the helix control pump is not necessary. 

The catch is in applying this throttled intake con- 
trol to a multiplunger pump, because a single 
throttle at the inlet of the fuel gallery utterly de- 
stroys fuel distribution from the multiple outlets. 

It is impossible to make a number of throttles do 
the same thing throughout the load and speed 
ranges, and tolerable accuracy of distribution be- 
tween outlets cannot be achieved. 

To achieve this accuracy rotary and poppet dis- 
tributors have been designed to serve the cylinders 
from a single pump. It was a natural step to use 
the same lapped fit for both pumping and distribut- 
ing, reciprocation of the plunger being responsible 
for the pumping while a superimposed continuous 
rotation of the plunger would provide the essential 
properties of a rotary distributor. 

The American Bosch PSA single plunger pump, 
Fig. 1, has its driveshaft and camshaft combined, is 
driven at engine crankshaft speed, and carries its 


driving gear on the overhead splined end of the 
shaft. 
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Diesel Injection 


Tip diameter of the gear teeth is less than the 
diameter of the fit-ring on the mounting flange face, 
and the assembly, with driving gear in place, can be 
fastened to the engine from the rear of the timing 
gear casing and no access to the front of the engine 
is necessary. 

Only three studs are required for mounting. 
Alignment and gear mesh are foolproof, and no ad- 
justment is necessary—or possible. 

Because the pump plunger must operate at 9000 
strokes per min with a 6-cyl, 4-stroke engine at 3000 
rpm, weight of reciprocating parts must be kept 
down. A flat cam follower, instead of the con- 
ventional roller type, is used also because it would 
be difficult to reach inward radially through the 
plunger rotating gearing to prevent tappet rotation. 

The plunger of a 6 outlet PSA makes six complete 
round trips, axially, for each two revolutions of the 
plunger. 

Combined reciprocation and rotation aids lubrica- 
tion and helps to eliminate particles of solids re- 
maining after the lapped fit. The device is practi- 
cally immune from plunger damage or wear. 


Single Delivery Valve 


Injection duration was brought under control, but 
distribution remained unsatisfactory until a single 
delivery valve was designed. This is located between 
the pump and delivery. 

Because those components ordinarily requiring 
adjusting are in a single subassembly and are re- 
placeable as a whole, this can be done quickly by a 
mechanic of ordinary skill and no test stand or 
specialized equipment is needed for checking. Fig. 2 
shows the comparison of the new PSA 6 outlet pump, 
left, and the unit, right. 


Features of the new pump, Fig. 1, include: 


® Single plunger which reciprocates for pumping 
and rotates for distribution; 


® Single delivery valve; 


® Crankshaft speed drive, instead of the conven- 
tional half speed; 


® Flange mounting with drive gear in place; 
® Flat tappet without loss of plunger velocity; 


® Direct driven, crankshaft speed gearless gov- 
ernor; 


EMBER, 1948 








e Low pressure metering control with single 
throttle valve, and 


@ Replaceable service subassembly calibrated for 
immediate use. 


There is much to be done in simplifying injection 
equipment design for automotive diesel engines, and 
there is plenty of scope for ambitious engineers in 
this field. 

This is how an injection system is tailored for an 
engine under development: 


@ First, the engine builder decides upon the pre- 
ferred characteristics of the proposed engine on the 
basis of the kind of service to which it is to be put. 

For example, it might be 150 hp, maximum rpm 
around 2200, have six cylinders and should be four 
stroke, will be supercharged, maximum bmep need 
not be more than 100 psi, maximum specific fuel con- 
sumption should be 0.42 lb per hp hr at full rated 
power, it should idle evenly at 350 rpm, smooth com- 
bustion over the entire operating range would be de- 
sirable, it should start easily at 30 F, and so on. 


@ He then asks representatives of injection manu- 
facturers for preliminary recommendations. When 
an acceptable compromise has been reached, sam- 
ples are made for test. Then begins a phase of close 
cooperation in making and testing changes in 
plunger diameter, different nozzle designs, and other 
elements. 

Any well established injection equipment manu- 
facturer must have vision and courage in full meas- 
ure to embark upon a new and radical design. The 
larger his production, and the longer he has been 
successful with existing designs, the worse his serv- 
ice and inventory problems become when he 
launches a new pump or nozzle which have com- 
ponents unlike those of the older, and hence not 
interchangeable. 

There is often customer resistance whenever 
corporate reputation is exposed to the fire of criti- 
cism. 

Those individuals and corporations subscribing to 
Lord Kelvin’s “There must be a better way” know 
that this resistance is normal and to be expected. 
Fortunately the standpatters never have the last 
word, but the road to real progress is rough. 


(Complete paper on which this article is based is 
available from SAE Special Publications Depart- 
ment. Price: 25¢ to members, 50¢ to nonmembers.) 
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EXCERPTS FROM PAPER* BY 


R. R. Higginbotham 


Republic Aviation Corp. 


ECHANICAL engine controls—for throttle, mix- 

ture, propeller, and supercharger—still in use to- 
day are as archaic as overhead jackshafts and pul- 
leys in a machine shop. Lack of experience together 
with resistance from aircraft purchasers have re- 
tarded the switch to electric, electronic, pneumatic, 
and hydraulic controls, a survey revealed. But hope 
for progress is kept alive by the extensive develop- 
ment of automatic gadgetry and remote controls for 
turbo jets and gas turbines. 

Sometimes powerplant installation designers are 
called upon to answer this embarassing question: 
“When electric and hydraulic controls are used so 
extensively elsewhere in the airplane, why do you 
still design your engine controls to resemble a ma- 
chine shop of the gaslight era?” 

That’s a fair question, and it deserves a civil an- 
swer. To arrive at an unbiased answer, I decided to 
ask the assistance of others in the aircraft industry, 
particularly powerplant installation specialists and 


* Paper “Ancestor Worship in Engine Control Design,’ 
SAE National Aeronautic 
13, 1948. 


* was presented at 
and Air Transport Meeting, New York, April 





What’s Retarding 


Table 1—Kind of Engine Control Systems in Current Use 






control system designers. I hoped to get the answer 
to such questions as: What are we using for engine 
controls today? What is our opinion of them? 
Would we use something better if given the oppor- 
tunity? What kind? Are nonmechanical engine 
control systems available? What types? How good 
are they? Who has shown an interest in them? 

Starting off with the powerplant installation en- 
gineers, a questionnaire was sent to eight aircraft 
manufacturing plants, all of which are prime con- 
tractors to the Army and Navy for aircraft carrying 
four or more engines. Some were also manufactur- 
ers of transport aircraft for the airlines. All were 
asked to supply installation sketches showing their 
engine control designs, in addition to answering a 
specific set of questions. The interest of the air- 
frame people in this subject is evidenced by the fact 
that very complete replies were received from seven 
of these manufacturers. Adding the data that I 
contributed, the conclusions herein will be based 
on the experience of eight maior airplane con- 
tractors. 

Regarding the kinds of control systems being used 





Kind of Control System No. of 
Companies 
1. Reciprocating Engines 
Throttles: 
ici I AR OD Bing 55 ax soe deat esalanseale: J med @ Ki store Bava ree wus 6 
Mechanical—Push rod & bellcrank combined with simmonds push- pull controls. 1 
Mechanical—Teleflex push-pull control with hydraulic boost WR aS: Ebi 1 
Mixture: 
Mechanical—Cable and pulley ...................... 4 
Mechanical—Cable and pulley combined with simmonds ‘ush- ull ¢ controls 1 
Mechanical—tTeleflex push-pull controls ............ 1 
Electronic system (on one model) .. 1 
No report on reciprocating engine installations 1 
Propeller: 
Electric (either electric head governor or automatic synchronizing system) ...... 8 
Geared Supercharger: 
EES ERR, GOR er a ae ae 1 
Turbo-supercharger: 
Electronic regulator and control system .. 4 
No report on supercharger controls ......... 3 
2. Turbo-Jet Engines 
Power Control: 
pe NS Ee i ae ener e rare 1 
No report on multi-engine turbo- jet installations me 7 


3. Gas Turbine Engines 


Power Control: 
No report .. 
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; Engine Control Progress? 


Finds Reasons for Clinging 
To the Mechanical Control 
In Survey of Aero Industry 


for primary engine controls on four engine air- 
craft of the latest types which have been flown, the 
replies were not sufficiently detailed to permit a 
strict numerical tabulation by airplane models. 
Some companies have several late models, some of 
which are in classified categories. The replies in- 
dicate, however, that the control types listed in 
Table I are typical of the current practice of the 
eight companies reporting. 

Summary of reciprocating engine control practice 
presents a paradox. Two of the four primary engine 
controls are almost universally operated mechani- 
cally, while the other two, where control failure is 
potentially just as hazardous, are almost universally 
operated by nonmechanical remote control systems. 
It may be mentioned in passing that nonmechanical 
controls, usually electric, are extensively used for 
secondary controls such as cowl flaps, carburetor 
heat, and filter valves, oil cooler and intercooler 
exit flaps, and fuel selector valves. 

Why should the throttle and mixture controls 
alone, among the many controls necessary for the 
safe operation of a complex modern aircraft power- 
plant installation, be singled out for mechanical 
operation? Certainly it did not happen by chance. 
The aircraft industry, if left to its own devices, 
could never have been so consistently inconsistent. 

A brief resume of the experience and attitude of 
the aircraft industry toward engine controls may be 
fairly stated as follows: 

(a) Mechanical controls are currently used by 
practically everyone for throttle and mixture 
controls; they cost about three times the en- 
gineering man-hours required for non-me- 
chanical controls; their performance, in gen- 
eral, is far from satisfactory and tends to 
become worse as airplane size increases. 

b) Non-mechanical remote positioning controls 
are currently being used by almost everyone 
for propeller, turbosupercharger, and most 
secondary powerplant controls; they are giv- 
ing satisfactory service, and everyone, includ- 
ing the customer, is happy about the whole 
thing. 

c) All manufacturers of large aircraft would be 
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interested in changing from mechanical to 
nonmechanical throttle and mixture controls 
if a light, reliable remote positioning system 
were available and acceptable to their cus- 
tomers. 

This leads to the obvious conclusion that suitable 
remote positioning systems are either not available 
or not acceptable to the customers. 

The prosecution will present evidence that a num- 
ber of suitable systems are available, and that many 
others could be made available through a modest 
development program. But first, suppose we con- 
clude the aircraft industry survey by taking a look 
at the industry’s ideas on the kind of engine con- 
trols we would like to have. 


What Industry Wants 


We then asked: “Of the four types listed (electric, 
electronic, hydraulic, pneumatic), which do you 
believe to be the most promising for this purpose?” 
This question produced more difference of opinion 
than any other in the survey. Two contributors 
preferred eleetronic, one recommended electric, one 
suggested pneumatic, and two declined to express an 
opinion because of lack of experience. 

The remaining two were indefinite. One of them 
suggested that electric, pneumatic, and hydraulic 
or hydraulic servo systems all had good possibilities. 
The other believed that electric, electronic or pneu- 
matic would be suitable for turbine type engines, but 
preferred electric or electronic for reciprocating 
engines because of the lack of a spare drive pad on 
any engine for driving the compresser of a pneu- 
matic system. 

I feel that the diversity of opinion expressed here 
is largely the result of each contributor’s experience 
or lack of experience with each of the four basic 
types. The fact that each type received favorable 
comment from at least one company suggests the 
possibility that any of these types could be used 
successfully. 

I am sure that the preferences expressed by these 
contributors are by no means final, and that all are 
open-minded with respect to the various types. It 





























is very probable that most of them would adopt any 
successful remote positioning system, regardless of 
basic type, that they might be permitted to use for 
throttle and mixture controls. 

To ascertain what is available in the line of non- 
mechanical engine control systems, a questionnaire 
was sent to three engine manufacturers and 10 
manufacturers of engine controls and automatic 
regulators. Replies were received from two engine 
manufacturers and seven control manufacturers. 


Remote Controls Available 


There can.no longer be any question of availability, 
for summarizing the survey, we find that there are 
at least: 

(a) One electronic mixture control in production. 

(b) One electronic control, suitable for either 

mixture or throttle, in flight test stage. 
















(c) One electronic throttle control that has been 
flight tested. 

(d) One self contained hydraulic control, suitable 
for either mixture or throttle, that has been 
through successful laboratory tests. 

(e) One pneumatic control undergoing flight tests 
in both the mixture and throttle positions. 

(f) One hydraulic and one hydro-pneumatic con- 
trol, suitable for either mixture or throttle, 
undergoing laboratory test. 

And this only represents the offerings of the par- 
ticular companies participating in this survey. Un- 
doubtedly, there are many more. It is clear that 
lack of availability is not the answer. Mechanica] 
throttle and mixture controls, and mechanical tur- 
bo-jet engine power controls, are in our latest air- 
craft today only because the aircraft purchasers wil] 
not permit the use of nonmechanical types. 

With very few exceptions, all aircraft with four or 
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more engines manufactured in this country are built 
for tne Air Materiel Command of the U. S. Air Force, 
the Bureau of Aeronautics of the U. S. Navy, or the 
commercial airlines. The two military services have 
their own general specifications for aircraft design. 
The aircraft destined for the airlines must conform 
to CAA Airworthiness Regulations, but the airlines 
usually issue or approve a contract specification 
covering each model purchased. 

Requirements of the Air Materiel Command defi- 
nitely prohibit the use of nonmechanical throttle 
controls unless mechanical overriding controls are 
provided. This is tantamount to complete prohibi- 
tion, since there is little if any incentive to add the 
extra weight and cost of a nonmechanical system if 
a mechanical system must be used anyway. 

It also can be, and frequently has been, interpreted 
to prohibit nonmechanical mixture controls. On the 
other hand, as we have noted in the aircraft industry 


survey, it apparently does not apply to the propeller 
and turbosupercharger controls, where nonmechani- 
cal control systems are almost universally accepted 
by the Air Force. 

Granted that reliability is important in throttle 
and mixture controls, your reporter humbly submits 
that the propeller and supercharger controls are 
equally important. 

A control that allowed the propeller to go into 
either maximum or minimum pitch during take-off, 
or a turbosupercharger control that allowed the 
waste gates to open fully during take-off, could 
create situations fully as hazardous as would result 
from malfunctioning of a throttle or mixture control. 

This discrimination against throttle and mixture 
controls is dificult to understand, particularly when 
you consider that the Air Materiel Command ac- 
cepted an electronic mixture control on one of its 
large bombers after the contractor had demon- 





Compare the simplicity of the electronic power control system for gas 
turbines, at right, with complexity of the mechanical mixture control 
system only for the Constellation. 


And another problem with mechanical control systems was indicated 
in replies from aircraft manufacturers. Estimates on the time required 
for design of these systems ran from 8000 to 10,000 manhours. One 
company reported spending 7500 manhours on design of the throttle 
system alone. Yet this may not be so surprising when you visualize the 
layout work that must be done to assure that every one of the multitude 
of cable bends lies within 3 deg of the plane of the pulley. 


No such troubles with the automatic control system, shown in the 


sketch. The two individual units are the cockpit control unit and the 
amplifier. In this system, electronic controls are provided on the engine 
—not only for coordinating the operating variables such as engine power, 
rpm, fuel flow, and exhaust temperature—but for special operations in- 
volved in starting and stupping; also provided are a special power sched- 
ule for take-off and landing as well as automatic feathering and revers- 
ing of propellers. 

All this is on the engine, except the control box, amplifier, and con- 
necting wire. The control box for a four-engine airplane has four main 
power control levers and four conditioning levers, one for each engine. 


It is reported that a pneumatic emergency standby control, not indicated, 


will be provided. This control system is in the laboratory test stage. 
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strated that the electronic control did a much better 
job than it was possible to do with a mechanical 
system. 

The Bureau of Aeronautics prefers push-pull rods 
for principal powerplant controls, but cable and 
pulley controls may be used if approved by the Bu- 
reau. I am not sufficiently familiar with large air- 
craft designed especially for the Navy to determine 
how consistently this requirement has been enforced. 
But as it stands it prohibits nonmechanical controls 
for all primary engine functions. 

The CAA Airworthiness Requirements are much 
less specific on the subject of engine controls. My 
guess is that if the aircraft manufacturer and the 
airline purchaser both wanted to use a nonmechani- 
cal throttle control system, and submitted the sys- 
tem to such tests as might be required to convince 
the CAA of its reliability, the CAA would not stand in 
their way. The trouble is that most airlines would 
never let a nonmechanical throttle get to that stage. 

Once I tried to get two of our major airlines in- 
terested in letting us use a hydraulic control for 
throttle and mixture controls on a large airliner. 
Neither could accept it for the mixture, in the hope 
of obtaining sufficient service experience to warrant 
accepting it for throttles on some later model. The 
other would not accept it for either mixture or throt- 
tle. Its representative indicated that its policy was 
to refrain from using such devices until they had 
undergone two or three years service usage on 
military airplanes. 

To those of us in the aircraft and control indus- 
tries who have attempted to develop and use more 
modern control systems, these prohibitions and re- 
buffs have been very discouraging. On the basis 
of our experience, the attitude of all these aircraft 
users seems to restrict progress and to impede the 
development of needed improvements. We have 
sometimes felt that it is foreign to the spirit of 
aviation, and contrary to the generally progressive 
policies of their own respective organizations, which 
have been responsible for so many of the milestones 
in aviation history. 

It takes on the appearance of ancestor worship, 
forcing us to retain the methods used by our fathers. 
The idea that it isn’t a throttle unless you can put 
your feet on the dashboard and haul back on the 
lever with both hands seems to indicate the same 
sort of human inertia that caused any early pilots 
to proclaim that they’d go right on flying by the seat 
of their pants, no matter how many instruments 
you invent. 

But fortunately, this is not the true attitude of all 
aircraft users. The Air Materiel Command, for ex- 
ample, is carrying the ball in remote control develop- 
ment for the users. 

It seems that the gas turbine engine, which needs 
electronics for a good control job, is gradually forc- 
ing the development of automatic electronic regula- 
tors, and these are logically accompanied by elec- 
tronic remote controls. On the theory that a chain 
is no stronger than its weakest link, any control 
principle that is reliable enough for the automatic 
control on the engine is reliable enough for trans- 
mitting the control signal to the engine. 

When these control systems come into use on gas 
turbine engines, electronic power controls will be- 





come as commonplace as electronic turbo controls 
are today, and there should be no question as to the 
suitability of nonmechanical remote controls for any 
powerplant function on any type of engine. When 
that time comes, ancestor worship in engine contro] 
design will have been obliterated by the march of 
progress. 


(Complete paper on which this article is based js 
available from SAE Special Publications Depart- 
ment. Price: 25¢ to members, 50¢ to nonmembers.) 





CRC Issues New 
Volatility Report 


SIGNIFICANT factors affecting aircraft en- 
gine performance are the ASTM 10, 50, and 
90% evaporated temperatures, both individu- 
ally and collectively, according to the report 
Analysis of Combined Full-Scale Volatility 
Data for the Period 1939-1948, recently re- 
leased by the Coordinating Research Council. 

Temperatures at -which these percentages 
are evaporated influence starting, warm-up, 
cut-out, power obtainable at a given supplied 
mixture, engine roughness, exhaust smoke, 
brake specific fuel consumption, and operable 
fuel ratio, the Full-Scale Data Analysis Group 
of CFR-AFD Volatility Projects reported. 

No one of the 10, 50, or 90% dominates in 
dictating engine performance, and no two of 
the three are entirely dominant. The three 
temperatures are useful in expressing the 
volatility of aviation gasoline in terms of en- 
gine performance. 

Based on the test fuels used, no apparent 
engine performance advantage is obtained by 
lowering fuel volatility, and increasing it 
shows advantage which can be quantitatively 
measured. 

Engines in cold weather operation are criti- 
cally affected by the volatility of the fuel. 
Carburetor heat failed as a substitute for 
volatility. 

The analysis. group recommends flight test- 
ing on scheduled service with enough dura- 
tion and sufficient aircraft to permit compil- 
ing statistical data on a block-to-block basis. 

Leader of the reporting Group is A. T. 
Angster, Standard Oil Co. (Calif.), San Fran- 
cisco. His colleagues are A. L. Beall, L. E. 
Hebl, C. K. Bransford, E. V. Albert, A. W. 
Suderman, R. A. Walker, and J. M. Tyler. 
(Copies of the Report, CRC-218, are avail- 
able from the SAE Special Publications De- 
partment, 29 West 39 Street, New York 18, 
N. Y., 20 pp. including tables. Price: 50¢ to 
SAE members, $1.00 to nonmembers.) 

















HOW 10 BOOST 
ENGINE OUTPUT 


BASED ON A PAPER* BY 


R. J. S. Pigott 


Chief Engineer, 
Culf Research & Development Co. 


(This paper will be printed in full in SAE Quarterly 
Transactions) 


OCUSING on little-recognized r wer losses will 

pay off in greater power ou*pucv. The indicator 
card, for example, shows up design-induced losses. 
Other parasites of indicated mean effective pressure 
can be found in the manifold and carburetor. At- 
tention to engine cooling also can help increase en- 
gine output. 

One way of finding out if we can improve an en- 
gine’s design is to examine the actual indicator card 
against the ideal. (Incidentally, there is urgent need 
for a high-speed substitute for the mechanical in- 
dicator. High rotative speeds of automotive engines 
induce high inertia errors.) 

Fig. 1 is a card from a large aircraft engine 
cylinder produced with a laboratory instrument. 
The actual card is 80% of the ideal superimposed 
... excellent design. 

But let’s take a look at the low pressure portion 
of this card, in Fig. 2. Inlet line for the ideal dia- 
gram is atmospheric pressure for unsupercharged, 
manifold pressure for supercharged. The exhaust 
line is atmospheric for both. The actual card de- 
presses below inlet pressure due to manifold and in- 
let valve losses; exhaust line is above, from exhaust 
valve and pipe loss. 

Rounding at the end of the card, exhaust, is due 
to valves; and not much can be done about it since 
valve loss is bound to be high at opening and closing. 
But it is fairly obvious that early exhaust opening 
loses card area, which means power loss. 

What does this loss amount to and what can we do 
about it? Let’s take a look. 

Difference between manifold and intake pres- 
sures in the cylinder is 7.8 psi at maximum flow; but 
due both to some ram effect and to reduced rate of 
cylinder-volume increase at end of stroke, the dif- 
ference reduces to about 1.0 psi. So there is little 


r “High Output Engines,” was presented at SAE Indiana Section, 
napolis, May 20, 1948. 
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loss in weight of charge due to the intake elbow and 
valve. The valve seat passage is never up to critical 
speed. 

The exhaust valve passage is at critical speed for 
about the first half of the stroke. Then flow de- 
creases to a value giving a pressure loss of about 3.2 
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Fig. 1—This indicator card for a large aircraft engine cylinder was taken 

with a point-to-point balanced pressure type instrument with magnetic 

pickup. It takes about 25 min to complete readings for a card. Ac- 
curacy consistently seems to be better than 1% 
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Compression Ratio Related 
To Mean Effective Pressure 


Only two major items determine output of 
any engine—brake mean effective pressure and 
rotative speed. Brake mean effective pressure 
is responsible for torque, and torque times revo- 
lutions is the basis of horsepower output. 

Brake mean effective pressure is simply indi- 





cated mean effective pressure less the losses in 
mean effective pressure. We cannot predict 
brake mean effective pressure directly; but we 
can predict relations between indicated mean 
effective pressure and compression ratio. 

Efficiency rises with compression ratio, or 
rather expansion ratio. And more important 
for high output engines, so does indicated mean 
effective pressure. See the chart. What was 
found from practical experience is confirmed 
by a correct ideal cycle, that is: the highest 
indicated mean effective pressure is obtained 
with a 13 to 1 rich mixture rather than with 
the theoretically correct mixture of 15 to 1. 

If the mixture is made still richer, indicated 
mean effective pressure falls off again. It is 


perfectly clear that to get higher indicated 
mean effective pressure, 
must go up. 


compression ratio 

















psi at end of stroke. About 1.0 to 1.5 psi of this is 
exhaust system loss in this case; it would be nearly 
zero for an open exhaust stack. 

For these two losses it might pay to consider fair. 
ing the valve and seat. 

.Fig. 3 shows the inlet valve of this engine. The 
sharp 45-deg bevels produce a vena contracta across 
the seat with a flow coefficient of 75 to 80%. Rouna- 
ing the entry corners, as shown, would suppress 
vena contracta and raise the coefficient to about 
95%. This very simple change would lower the 
average loss from 7.1 to perhaps 5.0 psi—a worth- 
while gain. 

The exhaust valve and suggested rounding are 
shown in Fig. 4. Gain here would be about 30% of 
the pressure difference across the valve with sharp 
edges. Fairing the inlet side of both valves might 
gain altogether as much as 6 to 8 psi in mean effec- 
tive pressure for this engine. 

Little if any attention seems to have been given 
to fairing the valve seats and it looks worth a try. 
Of course, nothing can be achieved by attempts at 
fairing the downstream side of each valve since 
there is neither space nor contour opportunity to do 
the job. Diffusion is always the hard end of pres- 
sure recovery. 

~ Considering the manifold, it is easy to show that 
elbows and branch connections, rather than skin 
friction, are the main source of loss. The average 
skin friction of a normal 6 or 8-cyl manifold is not 
likely to be more than 0.03 to 0.05 times velocity 
head. But a smooth 90-deg “L” of 0.75 radius-to- 
diameter ratio takes 0.40; a “Y” branch “L,” 0.5 to 
0.6 times velocity head. 

Many manifolds, as produced, are quite bad in this 
respect. In many cases efforts to get good distribu- 
tion—elimination of striation—have resulted in bad 
aerodynamic conditions. Designers seem to forget 
that every bend tends to set up striation by centri- 
fuging the remaining liquid gasoline drops to the 
outside of the bend. 

One volume-production manifold has the equiva- 
lent of five and one-half 90-deg bends. Another de- 
signed for a racing engine has the equivalent of 
three, including an aftercooler for the supercharger. 
The first has about twice the loss of the second. 

Butterfly throttles also tend to disturb the mix- 
ture homogeneity. The vane turn has not been 
used in small size pipes; but it has worked so well 
in large air ducts, and even in liquid flow, that it is 
worth a try—especially where sharp turns are nec- 
essary, as at aftercoolers. 

Another place where intake pressure loss may be 
noticeably reduced is in the carburetor throat. 
Most carburetor throats have a well-rounded ap- 
proach that produces a high discharge coefficient; 
but most of them fail to provide a proper diffuser 
cone downstream. Of course the pressure drop re- 
quired to accelerate the air through the throat is 
unavoidable. But with a proper diffuser cone, 70 to 
80% of this drop may be recovered. Most chokes 
are much too short, with too large a diffuser angle, 
and fail to recover the acceleration drop. 

Fig. 5 shows a modification of a Miller carburetor 
well liked for racing. The redesigned model gave 
less than one-half the pressure drop of the origina! 
—a gain of about 0.9 psi. 

This carburetor loss becomes important where 4 
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Fig. 2—Low pressure portion of indicator 

card in Fig. 1. Study of an indicator card 

such as this may show up source of losses. 

Here rounding at end of card indicates loss 
from valves 
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supercharger is used; a percentage increase of pres- 
sure on the intake will mean a change of discharge 
pressure of this percentage times the compression 
ratio of the blower, if centrifugal. The carburetor 
just mentioned has a ratio of 2.25 to 1, and blower 
pressure changed from 15 to 17 psi gage. 


Cooling Possibilities 


Since high output engines mean high compression 
ratio—whether in the single cylinder or by super- 
charge—cooling is more severe. Temperatures must 
be held down to (1) prevent lubrication difficulties, 
(2) lower engine octane demand, and (3) maintain 
durability of parts, particularly bearing materials. 

Few seem to recognize or utilize available tools to 
better cooling. Higher coolant velocities, definite 
flow paths, thin wet sleeves, and better use of the 
lubricant are but a few ways that improve cooling. 

Several seemingly well-designed engines show 
evidence of boiling around the exhaust valve. Many 
designs use trick jets and orifices set in the jacket 
to improve cooling locally. But since we know any 
cooling liquid can take away much more heat from 
a cooling surface than any gas can bring to the other 
side, we can draw only one conclusion .... no use is 
being made of velocity to increase the coefficient of 
heat transfer. 

In most jackets the flow ambies around more or 
less aimlessly and velocities are extremely low. 

One example points up the situation. A special 
test engine, built by a manufacturer to investigate 
where the heat went, was in trouble. The jacket 
was divided into several sections; the temperature 
rise in each section didn’t match the overall rise by 
4 country mile. A simple check I made showed 
velocities were so low that several sections were in 
viscous flow. Striation would be high of course and 
thermometers could not be expected to check. Re- 
ducing jacket section raised the velocities and cured 
the trouble. 

Another not uncommon design fauit is that most 
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Fig. 3—Analysis of the indicator card, Fig. 2, led to rounding the inlet 
valve entry corners. This boosted the flow coefficient to 95%, about a 
20% gain. See Fig. 4 
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Fig. 4—Similar rounding of the exhaust valve recovered 30% of the 
pressure difference across the sharp-edged valve 
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jackets are designed to get sturdy cores and not, 
apparently, to get directed uniform flow paths. 
More consideration should be given thin wet sleeves 
for several reasons. 

First, smooth outside of the sleeve provides better 
heat transfer than rough cast surfaces. Second, 
wall thickness is known and uniform, not subject to 
core shifts. Third, since the core no longer is 
limited between jacket wall and cylinder, the jacket 
space can be reduced to help achieve higher, direct- 
able velocities. 

Of course there are two joints to make water 
tight. The top joint is not much trouble. The lower 
joint now can be sealed with synthetic packing ma- 
terials that withstand higher temperatures than 
natural rubber. If these are not secure enough, the 
several types of flexible metallic closures should not 
give too much shop or maintenance trouble. 

Another advantage of the sleeve is that much dis- 
tortion in block castings at present can be partly or 
entirely eliminated. 


Cooling Big Lube Job 


By now we should fully realize that lubricating 
oil is more of a coolant than a lubricant. The quan- 
tities of oil we pump around bearings are not needed 
for lubrication, but rather to take away the heat. 
Until we provide for heat removal, lubrication re- 
quirements cannot be determined. For this reason 
it’s wise to follow universally the practice of aviation 
and diesel designers—install adequate cooling equip- 
ment and stop trying to depend on the crankcase. 

The piston is a hot spot; as compression ratio goes 
up it gets hotter. For years we have maintained 
substantially the same cooling ability in the piston. 
Yet we keep adding to the load and wonder why 
both temperature and ring failure rise. The diesel 
engine suffered from ring belt troubles due to high 
temperature for years. And the gasoline engine at 
12.5 to 1 will ail in the same way, but more acutely. 

Since we now jacket cylinder walls and head, we 
likewise should care for the piston and cool it by 














something better than contact with the cylinder 
wall and a little haphazard oil mist. 

An oil jet directing a stream into the piston woulg 
be desirable for two reasons. First, it is the simplest 
way to get a continuous stream across piston crown 
and skirt which cools effectively. Second, we must 
realize that oiling the wrist pin through a drilleq 
rod actually jeopardizes the pin and connecting 
rod bearing. 

We ran into this problem on a commercial engine, 
oiling the wrist pin through the rod; a jet on top of 
the wrist pin end cooled the piston. Test results 
showed about one-half the oil flowing to the wrist 
pin and jet that normally should flow at 40 psi 
gallery pressure. At 2000 rpm rod acceleration and 
deceleration produced an alternating force, equal- 
ling or exceeding the pressure available at the 
crankpin bearing. 

Since the wrist pin was full of grooves offering 
little resistance, on the upper half of the stroke 
deceleration threw oil out of the pin bearing grooves 
and the jet flow rate exceeded supply. Thus air was 
sucked in at the crankpin. On the lower half of the 
stroke, inertia forces opposed flow from the crank 
bearing with what oil was left, and the supply only 
partially refilled the rod drill. Result: one-half oil 
and one-half air in the rod. 

Another interesting point to remember is that 
cooling the charge, as by an after cooler, raises 
mean effective pressure; but it has another valuable 
property—it lowers engine octane demand. To il- 
lustrate: the Kettering 12.5 compression ratio en- 
gine—all in the cylinder, unsupercharged and fairly 
well cooled—takes 100 octane gasoline to satisfy 
octane demand. The Miller racing engine—6 com- 
pression ratio cylinder, 2.25 compression ratio super- 
charge, or 13.5 overall—ran on 82 octane gasoline. 
The aftercooler dropped the temperature enough to 
make compression temperature correspond to about 
an 8 compression ratio overall; cylinder and head 
were well cooled. 

(Complete paper on which this article is based is 
available from SAE Special Publications Depart- 
ment. Price: 25¢ to members, 50¢ to nonmembers.) 


Fig. 5—Pressure drop required to accelerate air through the 




















carburetor throat can be largely recovered with a proper dif- 

fuser cone. The Miller carburetor, at left, when modified, 

as at right, had less than half the pressure drop of the 
original design 
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GOODYEAR’S 
Cross-Wind Landing Wheel 


ON PAPER" BY ©) W/. Loudenslager 


Manager of Research and Development 
Gcodyear Aircraft Corp. 


HE cross-wind landing wheel and brake unit can 

be used successfully and advantageously on air- 
planes of any size or type that provide clearance for 
castering. 

This castering wheel with internal kingpin 
emerged from its development program with the fol- 
lowing items to its credit: 

1. It was certificated by CAA. 

2. It can be used with tricycle landing gears. 

3. It can be used on a knee-type strut, such as 
those on the Ercoupe and Aeronca Chum. 

4. It is safe to use with two-control airplanes. 

5. There is no trouble when landing on a flat tire. 

6. Tire wear is at least as good as, if not better 
than, with fixed wheels. 

7. Landing gear stresses are about the same as 
with fixed wheels. . 

8. Backing up or taxiing present no problem. 

9. It can be adapted to large commercial or 
military aircraft. 

We started our development work by designing a 
trailer for towing tests. It had two wheels mounted 
in forks with the kingpins above the wheels. Provi- 
sions were made for adjusting the kingpin angle, the 
offset and the camber. Provisions also were made 
for measuring the towing force required to make 
the wheels trail. 

We found that when the wheels swiveled out of 
center position, the center of gravity of the trailer 
or simulated airplane dropped. See Fig. 1. This 
caused the wheels to want to stay in the extreme 
right or left position, same as the front wheel of a 
bicycle when it is stopped. A considerable side force 
had to be exerted to bring the wheels back toward 
center. Since the pilot has no means at his disposal 
for providing side forces of the required magnitude, 
it was obvious that these forces would have to be 
eliminated to provide necessary directional control. 

This was done by installing a compensating cam 
around the kingpin, designed so that when the 
wheels turned, the center of gravity did not fall. In 
fact, it was found to be desirable to design the cam 
so that the center of gravity would rise a little to 
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Fig. 1—Te prevent a drop in center of gravity when the wheel casters, 
the Goodyear cross-wind landing wheel incorporates a compensating cam 


give some centering action, since the wheels caster 
out of the central position. 

One reason for this is that since the wheels are 
mounted on inclined kingpins, castering away from 
center produces an angle of camber; sidewise tire 
deflections are set up which produce a tendency to 
turn the wheel still more. This is the same action 
by which a wheelbarrow is steered when sloped to 
one side. The weight of the airplane acting on the 
slight extra cam rise produces a righting torque and 
complete stability results. 

Armed with the things we had learned from the 
towing tests, we undertook the design of a pair of 
castering wheels for a Piper Cub, Fig. 2. These 
wheels included the cam. They were mounted on a 
hub connected to the axle through a kingpin, which 
passed through the center of the wheel and was in- 
clined with its lower end forward. A spring, sur- 
rounding the kingpin, exerted pressure between the 
axle and hub in such a way that it kept the cam 
followers always in contact; it also caused the wheels 
to center when the airplane became airborned. 

A Goodyear single disc brake unit was attached 
to the hub so that it could caster with the wheel. 
Note that since the kingpin passes through the 
center of the wheel, the application of the brake 
cannot cause the wheel to turn. 

With this arrangement, most of the required 
shimmy dampening is obtained from friction be- 
tween the cam and cam followers. The friction in 
the kingpin bearing also helps. A small amount of 
shimmy was noted under some conditions, so we 
added a small spring loaded friction shimmy damp- 
ener. 
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Tests showed beyond a doubt that the design was 
very successful. 
We then turned our attention to the design of a 
production wheel. This design was similar to the 
successful working model, except that the brake 
cylinder was moved to provide easier clearance with 
a variety of struts. Castings replaced parts hogged 
out of steel and aluminum alloy billets, and adequate 
protection for the wearing parts was provided. 

Despite satisfactory test results, there was still 
much work to be done before the cross-wind landing 
could be put on the market. 

First, we wanted to get a type certificate from CAA. 
The wheel passed all the requirements—burst test, 
radial load test, side load tests, a roll test, braked 
landing tests, and a static torque test. On July 25, 
1947, CAA notified us that it had assigned a type 
certificate to our 6.00 x 6 cross-wind landing wheels. 

Next we wanted to find out if our cross-wind land- 
ing wheels could be used with tricycle gear airplanes. 
We didn’t see any reason why a tricycle gear should 
present special problems; but we decided to try it to 
settle the matter. ‘The first installation was made 
on an Aeronca “Chum.” Since this airplane uses 
knee type struts and is a simplified control airplane, 
we also were able to study any problems presented 
by those features. 

Use of our wheels with a knee type strut was the 
feature which worried us most. See Fig. 3. The 
arms on these struts move through angles of about 
60 deg from the fully extended to the fully loaded 
condition. Since our kingpins should be inclined 
about 30 deg from the vertical under normal static 
load conditions, it was apparent that they would be 
nearly horizontal when the struts were fully ex- 
tended. 

It was hard to visualize what would happen when 
load was applied to our wheels while the kingpins 
were nearly horizontal. We built a special one-wheel 
trailer and tested it. We found that even under 
these conditions, our wheels trailed perfectly. And 
increasing the load either slowly or rapidly produced 
no undesirable results. ? 

Having satisfied ourselves on this point, we turned 
our attention to the installation on the airplane. A 








KNEE TYPE STRUT 














Fig. 2—This castering wheel with internal kingpin, designed for a Piper 
Cub, consists of: (1) Goodyear single disc brake, (2) vee strut, (3) axle. 
(4) attaching bolts, (5) roller bearings, (6) king pin, (7) compensating 
cam, (8) compensating cam follower, (9) shimmy damper brake, (10 
wheel, (11) tire, (12) castering hub, and (13) return spring 


pair of special forks was designed and built to pro- 
vide adequate clearance for the castering wheels. 
The nose wheel steering was disconnected and a 
small friction dampener installed. To provide direc- 
tional control at low speeds on the ground, it was 
necessary to install a pair of master cylinders giving 
differential brake control. 

The airplane rigged in this manner has been 
taxied successfully and flown in a variety of condi- 
tions. We can definitely say that our cross-wind 
landing wheels can be used on airplanes equipped 
with knee type struts, on airplanes with tricycle 
landing gears, and on simplified control airplanes. 


Our work on this phase of the project is still in 
progress. 
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Fig. 3—Position of castering wheel with knee-type strut. The 
wheel trails perfectly with this type of strut 


Fig. 4—The S. and D. components of side and drag forces, 
respectively, about equal the side forces on a fixed whee! 
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Kingpin, Castering Angles 
Designed To Assure Safety 


To provide positive caster length at all 
times, we arbitrarily established this rule: 
The kingpin should slope 5 deg off the vertical 
with lower end forward, with tail high, struts 
fully extended, and wheels and propeller tip 
just touching the ground. This rule assures 
adequate caster length for complete safety of 
the airplane in every conceivable take-off and 
landing attitude. 

For most light airplanes in three point atti- 
tude, this produces a kingpin angle of about 
30 deg to the vertical, with the lower end for- 
ward. 

Required maximum caster angle (the angle 
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through which the wheel can swivel to either 
side before coming against the stops) varies 
with landing speed of the airplane. For air- 
planes with low stalling speed, 25 deg is satis- 
factory; less is required for faster airplanes. 
Drift angle can safely exceed the maximum 
caster angle by 10 deg or more. In fact, a 
Piper Cub with cross-wind landing wheels, 
capable of castering 25 deg, took off and 
landed without difficulty in a 90-deg cross 
wind of 35 mph. Drift angle in this case was 
about 40 deg. 

Theoretical study of the kinetic energy 
available to produce a ground loop was made. 
It shows that with 25 deg castering wheels 
and drift angles up to 45 deg, kinetic energy 
available to produce a ground loop is reduced 
to less than 10% of what it would be with 
fixed wheels. 








While testing the effect of a practically horizontal 
kingpin, we decided to use the same apparatus to 
Study the effect of landing on a flat tire. Test runs 
were made at various reduced pressures until the 
tire was completely flat. At this point the surplus 
tire fabric caused very large wrinkles, which resulted 
in some bumping of the wheel as it rolled. But there 
was not at any time any indication that the flat tire 
would be more serious with our cross-wind landing 
wheels than with conventional fixed wheels. 

Since making these tests, a Stinson Model 108 
equipped with our cross-wind landing wheels has 
taken off ona macadam runway and landed tail 
high on wet sod; the tire pressure was reduced to a 
point where the rim was only 134 in. from the pave- 
ment. No objectionable effects were noted. 

To study tire wear, we have been keeping a record 
of the number of landings made on various types of 
surface with each of the installations made at Akron. 
Our tire design experts periodically examine this 
record and the tires and make comparisons with 
similar records of tires on airplanes equipped with 
fixed wheels. Although this work is not yet com- 
plete, it seems safe to say that tires should wear at 
least as long, and probably longer, with our cross- 
wind landing wheels as with fixed wheels. 


At first glance it might seem that the stresses in 
the landing gear would be reduced when cross-wind 
landing wheels are used. But this is not the case. 

When the wheels are castered against the stops, 
Fig. 4, side forces normal to the wheel may be ob- 
tained. The component out of these side forces 
normal to a vertical plane through the thrust line, 
plus the component from the drag forces in the 
same direction, approximately equals the side forces 
on a fixed wheel. Similarly, the summation of drag 
forces comes out about the same as with fixed 
wheels. Assumption here is that existing CAA 
regulations continue to apply. Further research 
may show that these forces can be reduced some- 
what. 

In the original design, the wheels toed in or out 
when the airplane was backed up because the caster 
was reversed. This was unhandy when parking the 
airplane. Furthermore, it was considered desirable 
to have the wheels remain parallel to the thrust line 
when the airplane taxied at low speeds with little 
or no cross wind. 

After considering a number of solutions, we 
designed and tested a locking pin arrangement 
which was inserted manually from outside of the 
airplane. A vertical rod, 8 or 10 in. long, was at- 
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tached to these pins, at the upper end of which was 
fastened a red rectangular flag, about 2x3 in. A 
simple mechanism was provided, so that if a pilot 
attempted to take off with the locking pins in place, 
aerodynamic forces on the flag would cause the 
locking pins to be thrown out. There were objec- 
tions to this device. 

Of course pilot-controlled locks can be devised. 
We believe that they will be entirely satisfactory on 
heavy airplanes, where a co-pilot will be available 
to see that they are either locked or unlocked, as 
desired. 

However, we believe that pilot-controlled locks 
would not be safe on light airplanes; not only be- 
cause of the absence of a co-pilot, but also because 
such airplanes are usually flown by much less ex- 
perienced pilots. Furthermore, the locking control 
mechanism and the necessary warning lights would 
increase considerably the cost of the installation. 

While considering the locking arrangement, we 
were playing with the notion of notching the center 
of the cam. This would increase the side force re- 
quired to move the wheels cut of center. What 
troubled us is that if the wheels are not parallel 
when the airplane is backed up, side forces would de- 
velop equal to the load on the wheels times the co- 
efficient of friction of the tire on the pavement. 

To be effective, the notches would have to be deep 
enough to resist these forces. These same side 
forces are all that is available to make the wheels 
caster in a cross-wind landing. After some experi- 
mentation we found that nature was very kind to 
us. These side forces cause tire deflections which 
result in a fore and aft shifting of their effective 
point of application. This shift has been measured 
and found to be as much as two or three inches with 
a 6.00 x 6 or 7.00 x 6 tire. When the airplane is rolling 
forward, the point of side force application shifts to 
increase the caster length by 2 or 3 in.; and when it 
is rolled backward, this point shifts to decrease the 
caster length a like amount. This fact made the 
notched cam idea possible. 

The notches we now are using are deep enough to 
provide a resisting torque equal to about one-half 
the product of the side force times the theoretical 
caster length. There is no danger of the wheels ever 
failing to caster when making a drift landing. 

Experience has shown that this modification in the 
cam design not only eliminates the back-up prob- 
lem, but it also keeps the wheels parallel to the 
center line while the airplane taxis at relatively low 
speeds. The wheels caster about 6 or 7 deg out of 
center while the cam follower is climbing out of the 
notch. Thus there is no sudden releasing of the 
wheel to disconcert the pilot. This action takes 
place so smoothly that it is almost imperceptible to 
anyone in the airplane. We believe that this is the 
ideal solution to the problem because there is noth- 
ing for the pilot to forget, nothing to get out of 
order, and no added expense. 

Ever since we successfully demonstrated our Cub 
installation, many people—including ourselves— 
have wondered if cross-wind landing gears can be 
successfully used on heavy airplanes. 

Potentialities of such an application are tre- 
mendous. If use of cross-wind landing gears on 
heavy airplanes would result in reliable single land- 
ing strip operations, air terminals could be moved 









much closer to the centers of population. 
would save a lot of time for air travelers. 


This 
In war 
times, when advance airforce units are fortunate ig 
they have one fairly good landing strip, cross-wing 
landing gears would be indispensable. And in many 
foreign countries the financial situation and terrain 
are frequently such that operators must be satisfieq 


with single landing-strip airports. In such cases 
operations must be curtailed when the cross wing 
component is excessive. 

We got started on the heavy airplane problem by 
equipping a DC-3 airplane with cross-wind landing 
wheels. The gross weight of this airplane is 20 times 
that of the only airplane on which we had testeq 
our wheels up to that time. 

The cross-wind landing wheels used in the Dc-3 
installation are practically the same as those used 
on light airplanes, except for size. Only important 
difference is that we provided locking pins to facili- 
tate backing the airplane into the hangar. On the 
present installation, these pins are not pilot con- 
trolled. They must be inserted and removed manu- 
ally by 2 member of the ground crew, the same as the 
gust locks and landing gear safety pins used on this 
airplane. Fifteen degrees caster to either side of 
center has been provided on the main wheels. Al- 
though this is considered adequate for an airplane 
of this size and speed, 20 deg could be provided by 
making minor modifications. 

This airplane was originally equipped with a pilot 
controlled tail wheel lock. We removed this lock and 
installed in its place a friction shimmy dampener 
which allows the tail wheel to swivel a full 360 deg. 

Put through its paces in taxi and flight tests, the 
installation was considered a complete success. 
The pilot reports that the airplane handles “like a 
big Cub.” 

We believe the advent of our cross-wind landing 
wheel not only simplifies flying for the novice, but 
also makes reliable operation from a single landing 
strip possible. 

The Airway Meteorological Atlas of the United 
States, published in 1941, indicates that the windiest 
airport in the United States is located at Rock 
Springs, Wyo. At that airport the surface wind 
exceeds 31 mph only 10% ‘of the time in January, 
and 9% in February and March. If a single landing 
strip airport were in operation in that locality, part 
of the time these winds would be more or less in line 
with the runway. 

Remember that a Cub equipped with cross-wind 
landing wheels has made landing and take-offs in a 
35-mile, 90-deg cross-wind; and remember too, that 
larger and faster airplanes so equipped could safely 
handle still greater cross-winds. Thus airplanes 
equipped with cross-wind landing wheels can be 
operated from a single landing strip more than 95% 
of the time in the windiest part of the United States. 

It no longer will be necessary for air travelers to 
spend an hour or more driving through congested 
districts to and from airports. Single landing strip 
airports can be built near the center of the cities. 
As far as cross winds are concerned, airplanes can 
be equipped to operate from them with safety and 
regularity. 

(Complete paper on which this article is based is 
available from SAE Special Publications Depart- 
ment. Price: 25¢ to members, 50¢ to nonmembers.) 
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URING the past year, the Coordinating Research 

Council, Inc. has completed its changeover to a 
post-war organization to direct cooperative research 
in developing the best combinations of fuels, lubri- 
cants, and equipment powered by internal combus- 
tion engines. 

Twenty-four projects have been completed and 
reports have been issued by the Coordinating Re- 
search Council, Inc. during the period covered by 
this report. Work is currently in progress on 73 
projects, 17 of which were initiated during the past 
year. Research has been actively carried out in con- 
nection with 10 of the new projects, and preliminary 
plans covering the other 7 are well under way, so 
that it is anticipated that actual investigations will 
be started in the near future. 

All projects have been reviewed by the CRC As- 
signment Committee, and approval by the Com- 
mittee indicates that both the Petroleum and Equip- 
ment Industries believe that these projects are of 
mutual interest to their respective industries, and 
are of sufficient importance that the necessary funds 
to support them, and the personnel to execute them, 
are forthcoming from both industries; or that the 
projects are supported by a specific request from a 
government agency. ‘ 

To carry out the objective of the Council, the 
CFR and CLR Committees determine the effect of 
the variables of equipment design, fuel and lubri- 
cant characteristics, and operating conditions on 
the combined performance of the fuel and engine 
in the case of CFR, and on the lubricant and engine 
In CLR. 





(A short summary of some of the work being car- 
ried on by the CRF and CLR is given here. For 
those who may wish more detailed information on 
any of the projects being handled by CRC, a report 
on each of these projects covering its scope, progress, 
conclusions, significance of results, and so forth, is 
given in the complete 96-page report—which is 
available from CRC.) 


Each year, Coordinating Research Council re- 
ports its activities to its sustaining members 
—SAE and API. The 1948 report shows 
73 going projects .... 17 of them new 





Coordinating Fuel and 
Equipment Research Committee 


There has been a marked increase in the emphasis 
being placed on motor fuel and diesel fuel activities 
which has resulted in a normal balance of projects 
in the Coordinating Research Council, Inc. 

One of the most active projects in the Aviation 
Fuels Division is one covering Low Temperature 
Characteristics of Gas Turbine Fuels. This project, 
supported by the U.S. Air Force, is under the guid- 
ance of the Civil Aircraft Fuels Performance Group, 
and laboratory work is being carried out under con- 
tract with the Inglewood Laboratories of Thompson 
Products Co. Considerable progress has been made 
in the work on a fuel system “mock-up” in a cold 
chamber under simulated conditions of low tem- 
perature and high altitude. Work has been carried 
out on selected fuels to temperatures lower than 

80F, and results will provide valuable information 
on fuel characteristics influencing pumpability at 
low temperature. 

At the urgent request of the engine builders, air- 
plane manufacturers and the petroleum industry, an 
additional program has been prepared for an in- 
vestigation of fuel systems and fuels whereby the 
vapor locking limitations of gas turbine aircraft fuel 
systems can be determined and the necessary steps 
taken to improve performance of equipment and 
fuels in this respect. 


In the reciprocating engine field, the Division has 
developed a research technique for the evaluation 
of the knocking characteristics of aviation fuels 
under both lean and rich mixture conditions, which 
is considered to be significant in terms of full-scale 
performance and to be an improvement on the 
presently accepted knock rating methods. A com- 
prehensive report on the work has been prepared, 
and the CFR Committee has transmitted the re- 
port to the American Society for Testing Materials 
with a request that ASTM consider this method for 
further work by its appropriate committees with 
the ultimate object of developing a standard method 
for rating the lean and rich mixture knocking of 
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aviation piston engine fuels. 

Among the other projects being carried on by the 
Aviation Fuels Division are: a comprehensive analy- 
sis of flight volatility testing, a study of the induc- 
tion system deposit problem and the aviation gaso- 
line survey. 

The most active project now under way in the 
Motor Fuels Division is a program to determine the 
effects of high sulfur in motor fuels on engine oper- 
ation. Seven fleets including 62 vehicles which will 
operate approximately 1,600,000 miles have been 
serviced with test and reference fuels, and the field 
tests are now well under way. The tests will last 
throughout. the year, and it is anticipated that test 
data will be available during the latter half of this 
year. Results of laboratory dynamometer tests have 
been analyzed, and will be coordinated with the field 
tests, and the data will be made available to a group 
studying the influence of gasoline characteristics 
and engine operating conditions on engine varnish 
and sludge formation. Data are also being made 
available to interested groups in the Coordinating 
Lubricant and Equipment Research Committee. 

The Division is also carrying out an active pro- 
gram on two projects related to detonation, one 
covering the development of an improved road anti- 
knock testing technique, the other covering the de- 
velopment of an improved single-cylinder laboratory 
engine technique. Two road test exchange pro- 
grams will be run in 1948, one in the summer and 
one in the fall, and it is thought that, based on the 
analysis of the data obtained, a comprehensive 
study of octane ratings and requirements, both in 
the laboratory and on the road, can be made in 1949. 

At the request of the automotive industry, the Di- 
vision has recommended a series of volatility refer- 
ence fuels for equipment development work. The 
Automotive Research Committee of the American 
Petroleum Institute has stated that the recom- 
mended characteristics of these fuels appear ade- 
quate to cover the probable range of production of 
motor fuels, and arrangements are now under way 
for making these fuels available to the equipment, 
industry. 

At the request of the petroleum industry, a survey 
of the octane number requirement and vapor lock- 
ing characteristics of both passenger cars and com- 
mercial vehicles is being carried out. This survey 
will include information obtained on new vehicles 
adjusted according to the manufacturers’ recom- 
mendations and vehicles as operated in normal 
service. 

The CFR Diesel Fuels Division is making arrange- 
ments for full-scale field service tests in railroads. 
The broad underlying objective of these trials is to 
insure that the widest possible range of diesel fuels 
is available for railroad service, and the program is 
designed to investigate the service performance of 
a group of fuels ranging in cetane number, sulfur 
and composition. The characteristics of the fuels to 
be tested, with respect to the various limiting fac- 
tors, were based on a survey made by a special com- 
mittee in cooperation with the API. 

The Division also has a group actively working on 
the significance of current cetane number determi- 
nations. This group determined that cetane num- 
ber is significant in predicting the starting and 
warm-up characteristics of undoped fuels, but not 





for doped fuels, and is therefore investigating this 
problem. 

A program of engine endurance tests in laborato 
engines is being carried out to determine the effect 
of high sulfur fuel on engine deposits and wear. 
The majority of the engine data has been turned in 
and efforts are being made to complete a report on 
this project by early in 1949. 


Coordinating Lubricant and 
Equipment Research Committee 


The Coordinating Lubricant and Equipment Re- 
search Committee has been very active during the 
past year working with the Ordnance Department in 
the testing of experimental lubricants to insure 
satisfactory performance in extremely cold weather. 

A comprehensive series of tests has been com- 
pleted at the Aberdeen Proving Ground, Maryland, 
and also in the Cold Test Hangar at Eglin Field. 
Based on the information from these tests, exten- 
sive field service tests on a variety of equipment were 
conducted in Alaska during the Winter 1947-48. A 
study of the data from these tests indicated the need 
for supplementary tests which will be carried out 
during the coming winter. 

The feasibility of using the same grease for ve- 
hicles which may operate in hot climates as well as 
extremely cold climates is the subject of another 
Ordnance project. A series of test greases has been 
selected for test in a convoy which will operate for 
approximately 5000 miles in hot desert operation 
and throughout an entire winter in Alaska. 

At the request of the Fuels and Lubricants Tech- 
nical Committee of the Society of Automotive En- 
gineers, the CLR has established a Group on En- 
gine Oils Lighter Than 10W. This Group has re- 
viewed the available information on these oils and 
prepared a test program covering both dynamom- 
eter and field tests designed to establish the practi- 
cability of using oils lighter than 10W to afford 
easier starting in cold climates. 

Under contract with the U. S. Navy, Bureau of 
Aeronautics, an investigation is being carried out of 
a series of experimental lubricants for use in gas 
turbines. This project covers the specific problems 
of low temperature operation, load carrying ability 
for both gears and bearings, and chemical stability. 
The low temperature problem is being studied by 
means of full-scale “mock-up” systems at the Doug- 
las Aircraft Co. laboratory in Los Angeles. 

The inter-relationship of power transmission 
units and their fluids is the subject of a new project 
just organized. There is a great deal of interest in 
this project on the part of both the equipment and 
petroleum industries, and the detailed program is 
now being developed. 

Among the other projects being handled by the 
CLR are: the continued study of oil evaluation tech- 
niques, the study of the effect of engine operating 
conditions on oil evaluation, the correlation of field 
service tests of gear oils with laboratory tests of the 
same oils, and the study of single-cylinder engines 
for oil testing. A review of these projects, together 
with those other projects being handled by the CLR, 
is given in an Appendix to this report. 
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Taking Diesel Indicator 
Cards with Oscilloscope 


EXCERPTS FROM PAPER* BY 


W. Cc. Hadley, Automotive Engineer 
J. R. Hudnall, Automotive Engineer 


A, E. Traver, Electrical Engineer 
SOCONY-VACUUM LABORATORIES 


N setting up apparatus to make accurate pressure- 

time diagrams for diesel combustion studies, it is 
essential that distortion be eliminated and provision 
made for exact calibration of pressure and time 
readings. 

Distortion can occur in the passageway leading 
from the cylinder to the pickup, in the pickup, in the 
circuits leading from pickup to cathode-ray tube, in 
the tube itself, and even in the final step of photo- 
graphing the cathode-ray tube. All forms of dis- 
tortion—mechanical, electrical, and optical—should 
be tracked down and eliminated. 

The setup should permit calibration of any point 
on the card with respect to cylinder pressure and 
crank angle. Balanced-pressure-diaphragm pick- 
ups are the most dependable reference now avail- 
able for calibrating pressure readings of other pick- 
ups. Timing marks on the indicator card can be 
secured by feeding a signal from the flywheel to the 
oscilloscope. 

Even with the utmost care, some odd cards will 
result. Often they can be explained by faulty fuel 
injection if a record of injection start and end is 
available. For this reason and for figuring ignition 
delay, injection timing information is often a worth- 
while addition to the pressure-time diagram. 

For the novice, here are some tips on using the 
oscilloscope to make indicator cards: 


Avoid gas-column distortion—The first step in 
avoiding distortion is to locate the pressure pickup 
as Close to the combustion chamber as possible. This 
* Paper ‘Studying Diesel Combustion with the Cathode-Ray Indicator,” 
presented at SAE National Tractor and Diesel Engine Meeting, 

kee, Wis., Sept. 7, 1948 
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may require a major operation on the cylinder head, 
but the time involved is usually well worth taking. 
Best location for the pickup is flush with the cylin- 
der head. Any other location introduces a passage- 
way between the cylinder and the pickup in which 
the gas can vibrate pipe-organ fashion. These vi- 
brations usually show up on the indicator card and 
lead to involved speculations as to whether they are 
caused by the fuel or by engine design. Vibrations 
of this type are affected mostly by the length and 
diameter of the passage leading from the cylinder 
to the pickup. 

If, because of engine design, a passageway is abso- 
lutely necessary, it should be as short and wide as 
possible. Some engine designs require not only a 
passageway, but also require that it be long and 
tortuous, so that the pipe-organ effect can not be 
avoided. In these cases, it is sometimes possible to 
insert a stepped rod into the passageway, to break 
up the vibrations and cut down their amplitude. 
This should be done with discretion, however, and 
it should be realized that the accuracy of the re- 
sulting cards will be less than if a short passageway 
had been used. 


Synchronize oscilloscope and engine—Accurate 
synchronization of the uscilloscope sweep with the 
engine can be accomplished by use of a mechanical 
contactor or by sweeping a pin located in the fly- 
wheel past an electromagnetic pickup connected to 
the scope. The contact or the pin, whichever is used, 
should preferably be located in the flywheel because 
the large diameter gives greater accuracy. 


Use large image—Since analysis of indicator cards 
normally requires that a number of measurements 
be made on the card itself, it is obviously desirable 
to have the finished card as large as possible. This 
means that the image on the cathode-ray tube 
should also be as large as possible. While this can 
be accomplished to some extent by use of a large 
tube, the interesting part of the card, which may 
account for 90 deg or less, is often disappointingly 
small. 

This condition can be relieved to a considerable 
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Pros and Cons of Various Pickups 


Type Pro Con 
Carbon-Pile 1. Simple circuit i. Calibration very 
(Pressure 2. Normal signal is unreliable 
varies re- pressure versus 2. Very sensitive to 
sistance) time vibration 
3. Poor linearity 
Piezoelectric 1. Relatively simple 1. Calibration un- 
Crystal circuit reliabie 
(Pressure 2. Normal signal is 2. Sensitive to: vi- 
generates pressure versus bration 
voltage) time 3. Poor linearity at 
3. High natural fre- low speed due to 
quency electrical leakage 
Magnetic 1. Simple circuit 1. Poor linearity 
(Pressure 2. Rate-of-pres- 2. Sensitive to vi- 
change sure-change card bration 
generates obtained directly 3. Rate-of-pres- 
voltage) sure-change 
cards difficult to 
interpret 
4. Requires com- 
plex circuit for 
pressure-time 
cards 
Magneto- 1. Simple circuit 1. Poor linearity 
striction 2. Relatively insen- 2. Rate-of-pres- 
(Pressure Sitive to vibra- sure-change 
change tion cards difficult to 
generates 3. Rate-of-pres- interpret 
voltage) sure-change card 
obtained directly 
Condenser- 1. Calibration fairly 1. Complex circuit 
Type (Pres- consistent required 
sure varies 2. Normal signal is 2. Water cooling 
capaci- pressure versus must be provided 
tance) time 
3. Relatively insen- 
Sitive to vibration 
Balanced- 1. Calibration con- 1. Impossible to 
Pressure- stant take instantane- 


Diaphragm 2. Circuits simple ous pressure- 


time cards. 
(Cards represent 
100 or more suc- 
cessive cycles) 


a® 


degree by providing more than one sweep contactor, 
so that the beam sweeps across the cathode-ray tube 
more than once per revolution. If two sweep con- 
tactors are used, each sweep represents 180 deg 
crankshaft travel; if four sweep contactors are 
used, each sweep represents only 90 deg. By this 
means, the indicator card can be expanded to any 
desired degree. 

If no special precautions are taken, the face of the 
tube will also show several other lines, representing 
the pressure changes during the remainder of the 
cycle. Since these may be confusing, and may ob- 
scure the line under study, it is usually worth while 
to construct a blanking device which shuts off the 
cathode-ray beam during those parts of the cycle 
which are of little or no interest. 


Correct photographic error—Even if the signal is 
picked up in the most suitable type of pickup and 
carried accurately to the face of the cathode-ray 
tube, the image is distorted when the slightly curved 
face of the oscillograph is recorded on flat film. The 
error introduced by the curvature of the tube face 








and the proximity of the lens to the face can be eg). 
culated. For very accurate work, a correction Should 
be made. 


Calibrate pressure—The only accurate means of 
calibration we have found is the time-honored pa). 
anced-pressure-diaphragm pickup having cylinder 
pressure on one side and gas pressure on other. 
With this device, the static pressure applied to the 
top of the diaphragm can be determined readily by 
use of accurate bourdon-tube gages. When cylinder 
pressure exceeds static pressure, the diaphragm 
flexes and closes an electrical contact. 

When only maximum cylinder pressure is desired, 
the contact can be connected to flash a light or 
cause a clicking sound in an earphone. Static pres- 
sure is raised to the point where the light no longer 
flashes, at which point it is just slightly in excess 
of the maximum cylinder pressure. If more com- 
plete calibration is desired, the contact may be con- 
nected to turn off the beam of the oscilloscope, with 
the sweep circuit synchronized with the engine, so 
that the point at which a given pressure is reached, 
on both the compression and expansion stokes, can 
be measured in crankshaft degrees. Similar data 
can also be obtained by causing the contact to trig- 
ger a stroboscope, in which case the crankshaft angle 
may be read directly on the engine flywheel. 

Whenever it is possible to install two pickups in 
the same cylinder head, one of these can be of the 
balanced-diaphragm type and can be connected to 
make calibration marks at any desired pressure on 
the cathode-ray tube which is showing the pressure- 
time card derived from the other pickup. This is an 
ideal combination, but is usually rather difficult to 
attain except on very large engines. 

On smaller engines, unless very special cylinder 
heads are provided, it is usually not easy to install 
one pickup properly, let alone two. In such cases, 
there are two alternate calibration means. If the 
engine is a multicylinder unit, the balanced-pressure 
diaphragm pickup can be installed in an adjacent 
cylinder, so that the maximum pressure can be 
checked on one cylinder while the card is being 
taken on the other. This should be done for each 
operating condition or fuel being tested. It is also 
wise to do a little preliminary work, using balanced 
diaphragms in each cylinder, in order to make sure 
that both reach the same maximum pressure for 
any given set of conditions. 

When a single-cylinder unit is under test, best 
practice appears to be to run through the entire set 
of conditions or fuels, or both, twice. The first set of 
runs, using a balanced diaphragm, gives enough 
maximum-pressure data to calibrate the second set 
of runs, where actual indicator cards are taken. 
This can be done, obviously, only where the engine 
is running very well and is not subject to erratic 
variations. Sufficient maximum pressures should be 
measured to check this condition before any serious 
work is attempted. 

The condenser-type pickup, once it is installed in 
the engine, is fairly stable, while adequate cooling 
is maintained. It must be remembered, though, that 
the strain imposed on the shell by the act of tighten- 
ing up the pickup when it is installed can cause 4 
significant change in the width of the air gap, and, 
hence, change the calibration. Accordingly, these 
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pickups should be calibrated frequently while they 
are being used, or at least each time they are in- 
stalled in an engine. For accurate work, it is best 
to have continuous calibration of these instruments. 

The mosaic-type indicator card, taken with the 
palanced-pressure diaphragm, is attractive because 
there is little question about the accuracy of its 
pressure calibration. In this' method, the sweep 
circuit of the oscillograph is synchronized with the 
crankshaft in normal fashion. The vertical deflec- 
tion circuit is operated by a rheostat, which in turn 
is controlled by the static pressure applied to the 
palanced diaphragm. The vertical position of the 
line on the face of the cathode-ray tube is thus a 
direct measure of the pressure on top of the dia- 
phragm. The contactor in the pickup is connected 
to turn off the beam whenever cylinder pressure ex- 
ceeds the static pressure, and to turn it on again 
whenever cylinder pressure drops below that figure. 
Accordingly, each sweep of the beam locates two 
points, marking the start and end of the time that a 
given-or-greater pressure is present in the cylinder. 

This type of indicator is not good for visual ob- 
servation, because only one line can be seen at a 
time. However, if a time exposure is made of 100 or 
more cycles while the pressure is slowly dropped 
from a value higher than maximum cylinder pres- 
sure, the resulting film gives a good indicator card. 
Calibration lines can be worked in wherever desired, 
by disconnecting the pickup momentarily whenever 
a given static pressure is reached. In this case, the 
beam continues all the way across the face of the 
scope, leaving a clear calibration mark on the film. 


Include timing marks on indicator card—The 
simplest method of providing timing marks is to 
arrange mechanical contactors connected to inter- 
rupt the beam for a few degrees at the desired points. 
Such contactors can readily be arranged around the 
flywheel, where the large diameter permits the con- 
tactors to be installed with good accuracy. Ordi- 
narily, these should be arranged so that timing 
marks are shown for the conventional points of 45 
deg BTC, top dead center, and 45 deg ATC. If these 
points fall on particularly interesting parts of the 
card, they can be moved to other locations where 
they will serve their purpose just as well and still 
not interfere with the card analysis. 

Another method of obtaining timing marks uses 
an electromagnetic pickup solidly mounted on a 
bracket adjacent to the flywheel. Small steel pins 
are mounted in the flywheel rim at the desired 
locations, so as to sweep past the pickup and cross 
its magnetic field. The output of the electro- 
magnetic pickup is led to the scope, and provides 
& small jog at the time the pin sweeps past the 
pickup. This arrangement is a little more com- 
plicated than the contactors described above, but has 
the advantage of no wear after the installation has 
been made. 

Particularly in the case of mosaic cards, it is 
often useful to provide a timing wave having rip- 
ples every five degrees or so, to permit more accurate 
measurement between the regular timing marks. 
The easiest way to obtain such a ripple is to mount 
another electromagnetic pickup at the rim of a small 
gear mounted on the end of the crankshaft. The 
pickup will send a signal to the oscilloscope every 
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time a tooth sweeps past, resulting in a ripple on the 
face of the cathode-ray tube. A 36-tooth gear gives 
10-deg ripples; a 72-tooth gear gives 5-deg ripples. 

Still another method of obtaining timing marks 
involves use of a light source and a photo electric 
cell. Light is reflected from the flywheel rim into 
the photocell, the amount of reflected light being 
changed by painting alternate white and black 
bands around the rim. This method has the ad- 
vantage that no holes need be drilled in the fly- 
wheel; however, the circuits are a little more com- 
plicated than in the other methods. 


Indicate start and end of fuel injection—With 
many injectors, it is easy to devise an external con- 
tactor, mounted on the top of the injector and 
operated by the injector valve. Most such valves 
reach their fully open position in an extremely short 
time, and for most work it does not seem worthwhile 
to worry about the difference between the time that 
the valve starts to open and the time that it is 
fully open. Such a contactor can be readily con- 
nected to make a clear mark on the indicator card, 
regardless of the type of pickup and circuit used. 

In other injectors, the needle valve is located in 
such a manner that no external contacts can be 
mounted, and internal contacts are required. These 
must usually be located well down in the injector 
body, and while they operate on the familiar door- 
bell principle, their design requires considerable 
ingenuity because so little space is available. (One 
such contactor we made up had to fit in a space of 
14-in. diameter and 0.080-in. depth.) Insulation is 
usually a problem because of relatively high tem- 
peratures and because the contactor must usually 
work in a bath of fuel oil. However, it can be done. 

Where the injector—or injection pump—is oper- 
ated by a rocker arm, as in the GM and Cummins 
designs, the start of injection can be measured with 
fair accuracy by indirect means. The rocker arm 
has little work to do before injection begins, but gets 
a real jolt when the ports close and the fuel pres- 
sure jumps up to several thousand pounds. This 
jolt sets up vibrations which can be detected by a 
pickup fastened solidly to the rocker arm. We have 
normally used a magnetostriction pickup for this 
work, but other types could also be used. This signal 
is fed into the oscilloscope by way of an amplifier. 
It leaves a clear trace on the indicator card. If the 
card is being taken with one of the single-sweep 
pickups (carbon-pile, crystal, magnetic, magneto- 
striction, or condenser types), the trace left by the 
rocker-arm pickup may last too long and obscure 
the rest of the card. This trouble can be eliminated 
by still another device, an engine-driven rotary 
switch, which disconnects the rocker-arm pickup 

from the scope except during that part of the cycle 
where it is actually needed. 

A third method of determining injection timing 
is by a small electrical strain gauge wrapped around 
the high-pressure injection line near the injector. 
We have not tried this method yet, but it has been 
used successfully by others, particularly when the 
injector-line wall thickness has been reduced to 
provide as much strain as possible for a given stress. 

(Complete paper on which this article is based is 
available from SAE Special Publications Depart- 
ment. Price: 25¢ to members, 50¢ to nonmembers.) 
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ASY-TO-UNDERSTAND display of data and ef- 
ficient controls form the crux of a standard de- 
Sign philosophy that will promote more functional 
cockpits, suited to both pilot and airplane. Abiding 
by these design principles yields a trim instrument 
panel, like the one in Fig. 1, and an orderly cockpit, 
like the one in Fig. 2, rather than the confusion that 
normally greets the pilot. 

Suppose we start by analyzing relationship of 
pilot to airplane. In this complicated machine the 
operator is a “black box” placed between the pre- 
sentation of data and controls of the machine. As 
part of the machine, the operator assimilates data 
presented to him by various sensing elements via 
data transmission systems; he then uses his judg- 
ment and reasoning powers to manipulate the con- 
trols to produce the desired results. 

If charted in a flow diagram, the basic elements 
we must deal with would include, in this order: 
sensing devices, data presentation, operator, con- 
trols, and machine. The operator’s position within 
the cockpit is as shown in Fig. 3. He sits between an 
array of data, which he must observe continually, 
and an array of controls, which he must operate 
in the best way possible to control the airplane. 

From these relationships we can draw three 
general criteria for cockpit layout: 

1. Data must be sensed, acquired, or tabulated in 
fastest and most accurate way. 

2. Data must be presented in optimum form to 
permit the type of decision and judgment required 
to operate the machine. 

3. Controls must be designed to permit their 
operation with greatest efficiency by the operator. 

Data presentation in aircraft tends toward greater 
confusion because the machine itself is getting more 
complex. Presentation systems are badly overloaded 
so that they often lead to pilot error, despite con- 
tinual supply of correct data. For example, there 








* Paper “A New Approach to Cockpit Layout—An Analytical Approach,” 
was presented at SAE National Aeronautic Meeting (Fall), Los Angeles, 
Oct. 3, 1947. 
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Fig. 1—This instrument pane! gives 
the pilot the data he needs quickly 
and in a logical way. Only by an 
analysis of the particular airplane's 
data-presentation problem can the 
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is on record a crash in which absolutely nothing was 
wrong with the airplane. But the pilot’s failure to 
interpret his fuel gage readings correctly, in terms 
of his system settings, resulted in a crash landing— 
with fuel to both engines shut off by the pilot. 

This and many other similar instances point to a 
need for revamping current data-presentation sys- 
tems. We can start by showing.a few simple types of 
presentation to be used as basic units of a system; 
then we can evaluate a long list of data we must 
handle and classify each as to the type of presenta- 
tion it requires. 

First type of presentation we lable the “graphic” 
type. Here the data is presented in a graphic form 
so that the value of any quantity is sensed as a 
graphic or proportional relation to the full range of 
values. Fig. 4 shows several common examples from 
current instruments. More than one datum may 
be presented in one picture; but they must maintain 
proper interrelationship, or else be separated. 

The “symbolic” or factual type of presentation is 
shown in Fig. 5. This type shows data in its symbolic 
form, either by numerals or letters. These symbolize 
the desired datum, and may be read, copied directly, 
or photographed. Although it provides no graphic 
or comparative data, this presentation type ex- 
presses its required facts the clearest for recording. 

Third data-presentation system, Fig. 6. is the 
“alarm” type, used to denote a single significant fact 
or condition. It can be a light or illuminated control 
knob, horn, or other aural or mechanical alarm. In 
the broadest sense some mechanical interlocks come 
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Fig. 2—Rational approach to air- 

craft controls together with func- 

tional instrumentation add up to 

a comfortable, uncluttered cockpit, 

that’s conducive to operating 
efficiency 


Principles 


Simpler Cockpit 


under this category. An example is the landing gear 
switch, which prevents retraction of the gear when 
the airplane is on the ground. 

There are variations of these basic data-presenta- 


tion methods and combinations of more than one. ° 


For sake of analysis, we could consider visual de- 
termination of the airplane’s attitude and location 
the graphic type. Thus cockpit windows and visi- 
bility become the means of presenting these par- 
ticular data. Yet this simplest form of graphic 
presentation often is one of the poorest. 

Next step is to analyze the various types of data 
these three kinds of presentation give our airplane 
operator. There are three general types. 

The first type is data supplied by the flight in- 
struments. This is information about the aero- 
dynamic condition of the airplane. Basically, it is 
data used directly to fly the airplane. 

The operator usually senses these data visually 
and finds them necessary to execute his flight tech- 
nique. These data must be sensed instantaneously 
and produce instinctive and proportional reactions. 
For this reason we classify this type of data as re- 
quiring “instinctive, proportional action.” 

Second type of data requires immediate reaction 
which may be instinctive, but usually permits mo- 
mentary delay required for intelligent decision. 
A good example of this is indication of an engine 
fire. It obviously demands immediate action, but 
action must be based on intelligent decision as to the 
type of fire and best action to be takeri. This kind 
of data requires “immediate decision and action.” 
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Third, we have a type of data which presents a 
management problem. This data calls for action, 
but not until a latter time—such as after return 
from flight. The oil pressure reading in the non- 
dangerous range might indicate abnormal setting 
of the oil pressure regulator; it must be checked or 
reset before the next flight. Most of these data are 
important to maintenance. They may require im- 
mediate action, such as a decision to return to the 
base when a generator fails. This third type of 
data we say requires “deferred or administrative 
action.” 

We now have adequate principles for analyzing 
an airplane’s data-presentation system. Suppose 
we focus on a currently standard airplane powered 
by two reciprocating engines. Table 1 lists the data 
available to the pilot of this average airplane, with 
a letter designation for each class. Having de- 
termined the kind of information our instruments 
will disclose and how they will tell it, we can proceed 
to a similar diagnosis of the controls. Then we can 
integrate the two groupings into a cockpit arrange- 
ment that satisfies our criteria. 

We will disregard in our analysis the method of 
actuating these controls—mechanical, electrical, 
manual, or automatic—and deal with them in a 
generalized way. For our study we will establish a 
standard type of control, shown in Fig. 7. This basic 
control provides angular motion through an arc, 
which may be used in either a smoothly varying, 
gradated form, or in a step-by-step positioned form. 

The gradated action form we designate type No. 














7 ET 


| 
| 


' 




















Table 1—Classification of Aircraft Data 


Item Instru- Instru- 
a ment ". ment Remarks 
Type Type 
1 Roll & Pitch Angle P G 28 Engine Fire Indicator D L Prop Knob lights 
2 Heading 4 G 29 Oil press danger D L_Indicator glows bright req 
3 Turn Rate P G 30 Fuel press danger D L Fuel Control F knob lights 
4 Slip angle P G 31 Cyl. head danger D L_ Indicator glows bright req 
5 Barometer Altitude ¥ G 32 Oil Temp. danger D L Indicator glows bright req 
6 Rate of climb 4 G 33 Air Temp. (ice danger) D L Control B knob lights 
7 Air Speed (True) A S 34 Hyd. System Press. A Ss 
8 Angle of attack P G 35 Hyd. System Press. Danger D L 
9 Time (sec) P G 36 Engine Trim Tab Posit. > G Indicator on Pilot’s console 
10 Time (Hr & Mos.) A S 37 Elec. System Volts A Ss 
11 Radio direction (relative) P G 38 Elec. System Amps. A Ss 
12 Radio direction (True) A Ss 39 Elec. System Danger D L_ Indicator glows bright red 
13. Radio Altitude A S 40 Radar P G 
14 Engine rpm A S 41 Wheels up & throttle 
15 Manifold Pressure A Ss Open Alarm D L Control A Knob lights 
16 Bmep A Ss 
17 Thrust P G 
18 Cyl. Head temp. (degrees) A Ss 
19 Oil Temp. A Ss Note: Key to letter designation 
20 Oil pressure A Ss P—Instinctive Proportional 
21 Fuel pressure A s D—Immediate Decision 
22 Fuel Flow A Ss A—Deferred Administrative 
23 Fuel quantity A Ss G—Graphic 
24 Oil quantity A s S—Symbolic 
25 Flare position Pp G L—Alarm 
26 LG position P G 
27 Air Temp (degrees) A s 





Table 2—Control Tabulation 


Control 
Item Type 
Throttle 
Prop governor 
Mixture 
Landing Gear 
Flaps 
Blower 
Elevator Position 
Aileron Position 
Rudder Position 
Elevator Tab 
11 Aileron Tab 
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12 Rudder Tab 

13 Carb. Alternate Air 
14 Wing & Tail Heat 
15 Cabin Heat 

16 Carb. Alcohol 

17 Prop. De-Ice 

18 Fuel Flow Control Valve 
19 Prop. Feathering 
20 Cowel Flaps 

21 Oil Shutter 

22 Master Switch 

23 Ignition Switches 
24 Start Switch 


Item Control 
Type 
25 Prime Switch 2 
26 Int. & Ext. Lights 2 
27 Instrument Lights 2 
28 Landing Lights 2 
29 Radio Volume 1 
30 Radio (Comm.) Tune 1 
31 Radio (Nav.) Tune 1 
32 VHF Tune 3 
33 Emerg. Fuel & Oil Cutoff 2 
34 Water Injector Pump 2 
35 Prop. Reversing Sw. 2 
36 Auto Pilot Master 2 
37 Auto Pilot Flite Cont. 1 
38 Eng. Fire Extinguisher 2 
39 Fuel Transfer Selector 2 
40 Boost Pumps (Hilo) 2 
41 Transfer Pumps 2 
42 Nose Wheel Steering 1 
43 Pitot Heat 2 
44 Generators Cut- In Sw. 2 
45 Flare Release 2 
46 Throttle-Prop Fraction 1 
47 Parking Brake 2 





1; the detented or discontinuous form, type No. 2. 
Example of type 1 is a rudder pedal or control yoke; 
of type 2, a toggle switch or landing gear position 
control. A simplified version of this control is the 
pushbutton, designated type No. 3. These three 
types make up our basic controls. 

Before leaving the controls, we should examine in 
more detail the nature of type No. 2. Its simplest 
form, two positions, is shown in Fig. 7. As a basic 
precept of control system design, we should spell out 
relationship between processes activated by the con- 
trol in both position A and position B. For our 
purposes, we will disregard mechanical limitations 





that may preclude activation of several processes at 
any position of the control. 

We can now establish these two criteria for desig- 
nating processes for each of the two positions: 

(a) At any one position we may activate one 
primary process and any others that either must be 
Simultaneously activated, or which always can be 
activated simultaneously and to which the primary 
process bears an exactly similar relation. 

(b) At different (opposite) positions we may 
activate processes which either never must be 
activated concurrently, or whieh it is satisfactory 


never to operate concurrently. 
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Fig. 3—This is what the cockpit design problem boils down to: 

give the pilot’ his information rapidly via easy-to-understand in- 

struments and design his controls so thzt he can translate this 
information efficiently into operations that control the airplane 





Fig. 4—These four instru- 

ments are called the graphic 

type because they picture 
the data conveyed 





We easily can extend the second concept to the 
more complicated case of a control with more than 
two positions by simply replacing any position A 
with two positions, C and D, related to each other 
as in criterion (b). 

Let us now go ahead with control design and re- 
duce number of controls toa minimum. Also we can 
effect the interlock function with the least com- 
plication by applying these criteria intelligently. 
Table 2 indicates the type of control—Nos. 1, 2, or 3— 
required by each control process. Their consolida- 
tion, under (a) and (b), takes place in design of the 
complete cockpit. 


Shaping the Cockpit 

Now we must integrate the various controls and 
data-presentations into the final operator’s station 
for the machine. As with the individual data and 
controls, we should establish broad principles of 
consolidation which will define the cockpit. Al- 
though aircraft and engine type will influence cock- 
pit design, all of these six principles apply in every 
case: 

1. Use automatic controls where they reduce the 
humber of controls without sacrificing safety. 

2. Group controls and/or instruments by associa- 
tion with unique conditions or situations. 

3. Relate positions of different controls and/or 
instruments to give a maximum degree of “check- 
of” by noting simple relationships between them. 


+ 


t. Hold controls and instruments to a minimum. 
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Fig. 5, top—Symbolic-type instruments, such as these, give data in terms 
of numbers or letters which makes for easy recording 


Fig. 6, center—These devices are typical of the alarm type of data- 
presentation 


Fig. 7, bottom—The basic control should move through an arc. Type 1 

can be set at any point between its two extreme positions. Type 2 is 

the discontinuous form, with detents or stops. The pushbutton is the 
third basic type 


5. Maintain a simple, logical association between 
movement of controls and the results they accom- 
plish. 

6. Instruments referring to movement should 
themselves move in a manner logically associated 
with movement of originating data. 

Rigorously following these and the other princi- 
ples on data-presentation and controls laid down 
will design the cockpit. Fig. 1 shows an instrument 
panel patterned after classifications in Table 1. 
While more than one solution is possible, this panel 
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appears logical and desirable. 

Note important use of an unusual parameter in 
replacing the Air Speed Indicater as a flight in- 
strument with the Angle of Attack Indicator. The 
AAI is considered a more realistic and utilitarian 
instrument to use in controlling longitudinal at- 
titude. This new device is calibrated to show at- 
titudes dangerously approaching stall. It also 
simplifies economical cruising. 

Now that indicated air speed no longer is a critical 
item, we may as well convert to a handy form for 
navigational use. This means going to “true air 
speed,” shown on a counter-type of instrument in 
Fig. 1. 

The central flight attitude instrument shown is a 
“graphic” type presentation, carried to the pictorial 
stage. The Navy has built such an instrument, 
called the Directional Horizon, which presents values 
of roll, pitch, heading and slip angle, all graphically 
portrayed in their proper relationship. 

Thrust indicators shown have yet to be produced. 
But thrust is a useful value for controlling an air- 
plane, and instruments to measure and show it 
seem possible. 

Note the consideration given to attitude data-pre- 
sentation through the windshield; corner posts have 
been eliminated completely. The completed cockpit, 
Fig. 2, shows this better. Visibility of individual 
instruments also is a factor. Although the panel 
here is sloped more perpendicular to the pilot’s line 
of sight, it is not exactly perpendicular. It is in- 
stalled at an angle slightly less than 90 deg to mini- 
mize reflections on instrument glasses by reflecting a 
view of the lower part of the cockpit. 

Table 3 shows how we tried to adhere to the pro- 
posed principles with the controls. The controls are 
grouped by use. There are basically six controls; 
since this is a twin-engine airplane, there will be two 
of control “E.” This makes for a total of seven con- 








trols. The consolidation achieved has produced ac. 
ceptable results. 

Convenient and easy operation of these controls 
becomes apparent from Fig. 2. Total number of con- 
trols has been reduced considerably. Additionally 
one or two new wrinkles introduced further genera) 
cockpit philosophy. 

Note the small communications control console 
on the control column. Although side column type 
yokes are shown, they are not necessary for the 
console, but do add to general foot room for pilot— 
important to operator comfort. For this same 
reason the engine control pedestal has been cleared 
away underneath, and the controls generally run 
forward. Availability of this foot-room facilitates 
the pilot’s changing position, reducing fatigue. 

Also the throttles were consolidated into one con- 
trol which can be twisted to change relative open- 
ings of the engines and “steer” the airplane during 
take-off. This type of combination establishes one 
control for both engines to permit mounting the 
longitudinal trim controb on the throttle. You can 
operate it during power changes with the hand that 
operates the throttle. 

General appearance of the completed cockpit sug- 
gests the degree of simplification achieved. Note 
that the master controls permit easy ‘“check-off” 
for landing or take-off. In fact each operation— 
from starting the engines to securing them at flight's 
end—has been reduced to a simple movement or 
two. Instruments no longer clutter and confuse the 
panel; the pilot has room to shift around and change 
his position during flight; and certain interlocks 
have been established by proper consolidation of 
controls, reducing the total array of controls at 
the same time. 

(Complete paper on which this article is based is 
available from SAE Special Publications Depart- 
ment. Price: 25¢ to members, 50¢ to nonmembers.) 





Table 3—Grouping Aircraft Controls 


Control 
A B C D E(2) F 
Auto Pilot On Prop De-Icers On Hi-Blower Emerg. Power, Props Low Pitch, Full System Nor- 
Wheels Up Carb. Air—Warm Flaps—Up Water On Mixture Full mal 
{ Prop Reversing Wing &TailHot Transfer System Rich 
1 Unarm Pitot Heat—On On Fuel Boost On Hi 
GATE GATE GATE 
Auto Pilot Off Prop De-Icer Off LO-Blower Water Off Throt. (2400 rpm) Mix. GATE 
Wheels Up Carb. Wing,and Flaps—Up Open Normal Boost Pumps on 
Prop Reversing Tail, Hot, Pitot Transfer System Varying Degrees Fuel Boost On Lo Emerg. 
Unarm Heat On On 
LOCK GATE GATE 
Wheels Down Carb. Air Cold LO-Blower Throttle Closed Props in Hi Pitch Cross Feed On 
Auto Pilot Off Wing & TailHot Flaps—Down 
Prop Reversing Pitot Hot (any deg.) 
Arm Transfer System 
Off 
LOCK GATE * LOCK LOCK LOCK GATE 
Wheels Down Carb. Wing, & Flaps—Down Throttle Open Mix. Idle Cut Off Transfer Feed to 
Parking Brake Tail and Pitot, Emerg. Brake On Props Reversed Boost Off Engines Direct 
Set All Cold 
LOCK LOCK LOCK 
Master Sw. Off Prop Feather, Fuel System Se- 
Fuel Off cured 
LOCK 
Firewall Cutoff 
Off 


Fire Extinguisher 
On 
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Table 1—Effect of Lubricating Oil on Diesel Engine Wear 
(With High Sulfur Fuel) 
Cylinder Wear—Inches 


J acket 
Temper- Run OA Run oiB Run oi C 
ature No. L 7 No. L T No. L T 
100 F 1 0.0115 0.0088 a 0.0101 0.0075 7 0.0059 0.0055 
4A 0.0095 0.0049 
140 F 2 0.0055 0.0076 5 0.0004 0.0011 8 0.0028 0.0015 
5A 0.0015 0.0019 
175 F 3 0.0041 0.0057 6 0.0011 0.0028 9 0.0008 0.0010 
Top Ring Gap Increase—Inches 
100 F 1 0.064 4 0.047 7 0.011 
4A 0.045 
140 F 2 0.041 5 0.036 8 0.015 
5A 0.026 
175 F 3 0.043 6 0.028 9 0.009 


All oil change periods—120 hr 
L—Longitudinal with respect to engine crankshaft 
T—Transverse with respect to engine crankshaft 
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UBRICATING oil influences wear of diesel engines 

running on high sulfur fuels at normal cylinder 
surface temperatures, according to tests with three 
different oils. Variation of this wear rate with oil 
change period indicates a chemical reaction as its 
origin. 

The tests were run on a single-cylinder Caterpillar 
test engine under a modified CRC L-1-545 test pro- 
cedure. The three oils were selected because of the 
considerably different wear and deposits they pro- 
duced at normal temperature operation. Table 1 
shows the wear data obtained. The three oils dem- 
onstrate increasing cylinder wear with decreasing 
jacket temperature. Note the unusual ability of 
Oil C to hold ring wear to reasonable levels even 
when cylinder wear is high. 

The wear data is plotted in Fig. 1. 

The test runs in Table 2 demonstrate effect of 





Wear 
Fuel 


beyond their ability to counteract effects of high 
sulfur fuel. 

Oil C shows a remarkable ability to keep pistons 
clean, in view of the test conditions. Wear rate 
is rather high, but lower than that with Oil A on 
Run No. 3. Runs No. 10 and 11 on Oil D show 
clearly effects on deposits when running beyond a 
lube oil’s capacity. 

These tests indicate that wear at normal cylinder 
surface temperatures may be controlled by lube oil 
composition. Wear at low temperatures appears 
independent of oil composition. At normal tem- 
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Table 2—Effect of Oil Change Period on Cylinder 
and Ring Wear (at 175F Jacket Temperature) 


; . ‘ ‘ ‘ : ‘ Run Run Run Run 
varying oil change period with different lubricating No. 9 No. 12 No. 10 No. 11 
oils. They were made particularly to determine Lybe Oil Cc Cc D D 
wear effects of two different oils when obviously run Change Period 120 hr 480 hr 120 hr 240 hr 


Cylinder Wear 
Longitudinal 0.0008 0.0033 0.0009 0.0021 


* Transverse 0.0010 0.0039 0.0013 0.0020 
none Gurtinde Vahed ‘3 eye ee Top Ring Gap 
nan Sees, WOR. 00 EA Se ee ee ee Te 0.009 0.020 0.026 0.041 
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DIAMETRAL LINER WEAR-INCHES 
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Fig. 1—Effects of temperature on wear of diesel engines—running on 

high sulfur fuels—with lube oils of different composition. The cylinder 

wear data are averages of wear measurements made at 24 locations around 
the cylinder, at the top dead center position of the top piston ring 


peratures, where oil composition is a wear factor, 
additive composition in particular seems important. 

Wear distribution seems more constant under 
these conditions. This suggests this type of wear 
depends largely on the materials in the oil. The 
fact that this wear rate varies with oil change period 
confirms the suspicion that it originates with a 
chemical reaction. 








Use Turbine, Jet Theory 
For Plane Engine Heater 


Based on paper by 


LT. JAMES T. SHORE 
U. S. Air Fo 


HE gas turbine and pulse jet principles are 

being harnessed to design of heaters for 
preheating aircraft engines in arctic oper- 
ations. 

For ground heating, the Air Force needs a 
unit capable of producing 4,000,000 Btu per hr 
and a source of energy in the form of com- 
pressed air. It believes that a unit based on 
the gas turbine principle, now being built ex- 
perimentally, will do the job. 

This heater will consist of a gas turbine, 
expirator, and a heat exchanger. The unit is 
intended for heating, cooling, and service as 
a general-purpose powerplant. When not 
used as a heater, it will drive a turbine for 
starting turbojet and turboprop engines. 

Used as a heater, this is how the unit oper- 
ates: Compressed air drives an aspirator, 
which transfers the energy containing a small 
amount of air with comparatively high pres- 
sure to a large amount of air with compara- 
tively low pressure. This air is delivered 
through the heat exchanger and warmed by 
the turbine exhaust gas. Rate of airflow can 
be controlled by regulating the cross-section 
of the aspirator. 

The pulse-jet method of heating also is 
under investigation. In the pulse jet heater, 
an aspirator uses exhaust velocity for intro- 
ducing additional cold air to reduce the tem- 
perature from about 1500F to 280F. The lower 
temperature is suitable for preheating air- 
craft engines. 

This aspirated air is directed over the tube 
by a jacket so that heat radiated from the 
bulb and tube can be used. Tests show the 
pulse jet heater will start and operate at tem- 
peratures of -65F. (Paper “Operations Under 
Arctic Conditions,’ was presented at SAE 
Summer Meeting, French Lick, June 10, 1948. 


This paper is available in full in multilitho- 
graphed form from SAE Special Publications 
Department. Price: 25¢ to members, 50¢ to 
nonmembers.) 















This phase of our diesel wear and deposit in- 
vestigation suggests another mechanism for cylinder 
wear with high sulfur fuels: chemical attack on the 
cylinder surface by materials formed or thrown into 
the lubricating oil. 

(Complete paper on which this article is based is 
available from SAE Special Publications Depart- 
ment. Price: 25¢ to members, 50¢ to nonmembers.) 
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AIR TERMINAL DESIGN 


PTS FROM PAPER* BY 


Walther Prokosch 


Vice-President, 
George S. Armstrong & Co., inc 


AST conception of our air terminals as airplane 

servicing stations must give way to placing con- 
venience of the passenger at the head of the list. 
This aim plus less costly air terminal construction 
and operation underlie this five-point terminal 
design formula: 

1. Determine what types of traffic exist and the 
amount of each, on a daily basis. 

2. Convert these figures to the schedules required. 

3. Convert schedules to plane parking positions. 

4. Arrange plane parking positions according to 
their use and numbers proportionate to the amount 
of traffic they will accommodate. 

5. Design the balance of the terminal to fit the 
plane parking layout. 

First step in the design of a terminal is a determi- 
nation of the number of plane parking positions 
required. The designer cannot move until he knows 
this magic number. At present, the accepted for- 
mula is to use four operations per hour per gate 
position. Thus, if anticipated traffic during a peak 
hour at a given airport were 32 operations, eight 
positions would be required; if the runway capacity 
were 120 operations per hour, 30 positions would 
balance the capacity. 

Actually this is a very wasteful formula to use 
for most cities. The average airline stop at a 
through point is much less than 30 min (two opera- 
tions). And this class represents the vast majority 
of commercial airports. On the other hand, at 
various terminal points a single operation may re- 
quire a half hour or an entire hour. A more selective 
method of arriving at the actual figure must be 
used and the following is offered as one approach to 
this problem. 

First an economic study must be made for the 
town in question to determine potential daily air 
passenger traffic, classified into various categories 
such as feeder line, trunk line, and international. 


er “Air Terminal Design (A Selective Method of Planning),”’ was 
nted at SAE National Air Transport Engineering Meeting, Kansas 
Dec. 1, 1947. 
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Data must be obtained from air carriers serving 
the community as to anticipated passenger traffic 
and plane operations on a daily basis. This in- 
formation should be projected ahead as many years 
as possible. If detailed information cannot be ob- 
tained from the various airlines, a general figure 
may be obtained from them indicating the year at 
which they expect their traffic to level out. 

From the data thus far collected, a traffic sched- 
ule may be prepared indicating the number of pas- 
sengers and plane operations for each airline and 
for each type of service per day. This schedule also 
will show what proportion of the traffic will be termi- 
nating or originating and what proportion will be 
through traffic. The traffic schedule should be 
prepared for a two-year, five-year and ten-year 
period. 

It should be noted that the conversion of pas- 
senger traffic to schedules has been made on the 
basis of 14 passengers per plane for feeder line traf- 
fic and 30 passengers per plane for trunk line and 
international. 

Assemble data for feeder line as well as trunk 
line traffic because many airports will be serving 
only feeder airline and personal plane traffic; in 
this case requirements for gate positions and termi- 
nals will be more modest than those for trunk line 
operations. If a field supports both feeder line and 
trunk line traffic, the terminal should be designed 
for the sum total of both categories, with equal size 
plane parking positions for all types of airplanes to 
provide flexibility of use. 

Next convert daily traffic to peak hour traffic, as- 
suming 20% of daily per peak hour. 

You must also determine the number of different 
directions which the air carriers fly from the given 
city, as well as how many different carriers will use 
the terminal. These figures have an important 
bearing on the design. If, for instance, a given 
locality is situated on the crossing of two air routes, 
one may expect occasions of longer stopover in order 

to provide close connections for passengers. The 
fewer airlines which use any given field, the more 
efficient the utilization of the plane parking posi- 
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Fig. 1—This is how terminal gates should be arranged for airports at which flights start, end, and go through. Such a plan prevents passenger con- 
fusion—he knows where planes arrive, where they take off. It also simplifies handling of the transfer passenger 
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Fig. 2—Airports handling domestic and international flights will find this the most efficient terminal gate layout. Note that it keeps originating 
and terminating flights at opposite ends of the apron. It also provides for separate through positions, near terminating international flight posi 
tions. An inbound international passenger has a short walk to transfer to a domestic plane and complete his trip 
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tions. 

Now convert the number of operations per peak 
hour to number of gates required based on the fol- 
lowing figures: 

a. Feeder Line: 

1. 5 min per operation—through or terminating 

flight. 

2. 12 min per operation—originating flight. 

b. Trunk Line: 

1. 74% min per operation—through or terminating 

flight. 

2. 15 min per operation—originating flight. 

c. International: 

1. 15 min per operation—through or terminating 

flight. 

2. 30 min per operation—originating flight. 

These figures are elapsed times. They indicate 
a complete cycle of use for a plane position—in- 
cluding taxiing into position, performing the neces- 
sary operations, and moving away from the position. 
Thus, a gate designated for through feeder line 
traffic would handle six schedules per hour (two 
operations per schedule). 

These figures should not be regarded as inflexible 
criteria, but rather as standards for the average 
condition. Their use must be seasoned with a com- 
mon-sense interpretation of local factors. 

In addition to special conditions mentioned, the 
problems of refueling enter into the picture. If the 
airport happens to be a refueling point for several 
airlines on a large proportion of schedules, it would 
be wise to increase the 742-min allowance for 
through-flight operations to 10 min. Other condi- 
tions which will affect the operations of the terminal 
will become apparent as the local problem is studied, 
and should be taken into consideration. 

Sometimes it is argued that schedules cannot be 
planned so that all gates will be properly used during 
a rush hour, or that even if such scheduling were 
possible, weather and operating conditions would 
prevent the smooth and continuous utilization 
which the figures require. If that were the case, 
then there would also never be full utilization of 
runway capacity at 40 operations per hour for a 
single runway system. But we do know that run- 
ways are being used to and beyond capacity in some 
cases, and these airplanes must be serviced some- 
where. 

Actually, maximum efficiency will be obtained 
whenever traffic is very slightly in excess of terminal 
capacity; i.e., when there is a plane ready and 
poised-to take the parking position as soon as a plane 
pulls out. Properly designed and managed, this 
State of anticipation should mean no more than a 
minute’s delay, which will still be better cycling than 
at present. 

Let us apply these figures in a case of this kind. 
If a designer wishes to allow land area sufficient 
to handle ultimate runway capacity of dual-runway 
airport (120 operations per hr), how many posi- 
tions should be provided for? A determination must 
be made of percentage of different types of traffic. 
Assume 60% of total traffic as terminating and origi- 
nating; 40% as through traffic. 

30% = 36 terminating operations 

at 742 min=5 positions 
30% = 36 originating operations 
at 15 min=9 positions 
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40% = 48 through operations 
at 742 min =6 positions 


Total positions required 20 


Gate Positioning 


For airports having both terminating and through 
domestic flights, the gates for terminating flights 
are placed on one side or one end of an apron, those 
for through flights in the center, and originating 
gates at the opposite end (Fig. 1). For airports 
having through flights only, the gates are arranged 
symmetrically with respect to the terminal. For 
airports having international and domestic through 
and terminating flights, outbound domestic and in- 
ternational gates are placed at one end; through- 
domestic gates next; through-international and 
terminating-international next; and domestic- 
terminating at the opposite end from originating 
(Fig. 2). 

In each case the outbound gates are on the right 
hand and the inbound gates on the left hand side 
of the terminal. This arrangement permifs a con- 
tinuous flow of people and ground transportation 
vehicles, the latter first discharging and then pick- 
ing up passengers. From the drawings the sim- 
plicity of passenger circulation should be apparent, 
as well as the natural segregation of in and out- 
bound passengers. 

One basic assumption is made for this type of 
plan: all gates are shared by all users, no specific 
gates assigned to any one airline. But this does not 
preclude locating airline operations in specific areas 
along the apron, and spotting airplanes reason- 
ably near their operating station for originating 
and through flights. If close cooperation is main- 
tained among the various airlines and between the 
airlines and control tower operators, such a system 
can be made to work. This does not imply the use 
of a terminal corporation for this type of operation, 
nor does it prohibit it. 

Advantages of this design approach are: 

a. Number of plane gates required is reduced, 
which lowers construction and maintenance costs. 

b. In many cases reduction in required number of 
gates will permit centralized type of plan, increasing 
value of concession space within the central build- 
ing. 

c. Reduction in gates permits reduction in walk- 
ing space. The passenger knows segments for ar- 
rival and departure. 

d. Plane parking time on the apron is reduced 
since crews will be more efficient—trained for 
handling either arrivals or departures only. 

e. Operations in each general area can be ex- 
panded without adversely affecting the general cir- 
culation. 

f. The plan permits good integration of inter- 
national service with domestic. 

g. Circulation is simplified for friends and rela- 
tives meeting an air passenger. 

h. Circulation for the taxiing plane is simplified. 

i. Eliminating apron service pits and cabin serv- 
icing—except for through plane positions—further 
reduces costs. 


(Complete paper on which this article is based is 
available from SAE Special Publications Depart- 
ment. Price: 25¢ to members, 50¢ to nonmembers.) 
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MONDAY, JAN. 10 





10:00 a.m. 
C. }. BOCK, Chairman 


Means and Objectives in Multi- 
Ratio Gearing 
—A. M. WOLF, Consulting En- 
gineer 
(Sponsored by Truck and Bus 
Activity) 


10:00 a.m. 

V. Ae CROSBY, Chairman 
Forging of High Temperature 
Alloys 

—L. S. FULTON, Universal Cy- 
clops Steel Corp. 
Application of Hot Extrusion 
Methods for Automotive Produc- 
tion 
—C. L. STEVENS and G. VEN- 
NERHOLM, Ford Motor Co. 
(Sponsored by Engineering Ma- 
terials Activity) 


2:00 p.m. 

LINN EDSALL, Chairman 
Cleaning of Commercial Vehicles 
from the Appearance Angle 

—H. H. EARL, United Parcel 
Service of New York, Inc. 


(Sponsored by Transportation and 
Maintenance Activity) 


2:00 p.m. 
]. W. GREIG, Chairman 

How Much Advance in New Truck 
Cabs—A Review of New Cab De- 
signs Now Available 

—C. G. SEASHORE, Pennsyl- 

vania State College 
(Sponsored by Body Activity) 


8:00 p.m. 
R. A. TERRY, Chairman 
Business Session of Body Activity 


Body Design and Production Today 
—L. C. GOAD, General Motors 
Corp. 

(Sponsored by Body Activity) 


TUESDAY, JAN. 11 


9:30 a.m. 

J. L. S. SNEAD, Jr., Chairman 
Business Session of Transportation 
and Maintenance Activity 
Gasoline vs. Diesel Engines... . 

—For Buses—E. N. HATCH, New 
York City Transit System 
—For Trucks—H. L. WILLETT, 
Jr., The Willett Co. 
(Sponsored’by Transportation and 
Maintenance Activity) 


9:30 a.m. 
H. B. KNOWLTON, Chairman 


Business Session of Engineering 
Materials Activity 
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1949 ANNUAL 





Steel Compositions and Specifica- 

oo es 

From the Producer’s Standpoint 
—C. M. PARKER, American Iron 
and Steel Institute 

From the Consumer’s Standpoint 
—MUIR L. FREY, Allis-Chal- 
mers Manufacturing Co. 

(Sponsored by Engineering Ma- 

terials Activity) 


2:00 p.m. 

M. M. ROENSCH, Chairman 
Business Session of Truck and Bus 
Activity 
Alternate Fuel or Power Sources in 
Event of Continuing Petroleum 
Scarcity and Cost Increases 

—R. J. S. PIGOTT, Gulf Re- 

search and Development Co. 
(Sponsored by Truck and Bus Ac- 
tivity) 


2:00 p.m. 
G. W. CURTIS, Chairman 


Business Session of Tractor and 
Farm Machinery Activity 


Gear Testing Methods for the De- 
velopment of Heavy-Duty Gearing 
—R. P. VAN ZANDT and B. W. 
KELLEY, Caterpillar Tractor Co. 
(Sponsored by Tractor and Farm 
Machinery Activity) 


8:00 p.m. 
BUSINESS SESSION 


President R. J. §. PIGOTT, in the Chair 


Nomination and Election of Mem- 
bers-at-large of Annual Nominat- 
ing Committee 

Presentation of Proposed Amend- 
ments to SAE Certificate of In- 
corporation 

Announcement of Election of Offi- 
cers for 1949 

Presentation of the President’s Re- 
port 

Presentation of Life Membership 
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8:15 p.m. 

j. B. ARMITAGE, Chairman 
Business Session of Production 
Activity 
Preparedness Plans and Programs 

—Lt.-Gen. LeROY LUTES, Di- 
rector of the Staff, Munitions 
Board, National Military Estab- 
lishment 
(Sponsored by Production Ac- 
tivity) 


WEDNESDAY, JAN. 12 


$:30 a.m. 

C. A. CHAYNE, Chairman 
Universal Joints and Propeller 
Shafts 

—G. E. DUNN, Universal Prod- 
ucts Co., Inc. 
Is the Torque Converter Going To 
Be “It’’? 
—O. K. KELLEY, General 
Motors Corp. 
(Sponsored by Passenger Car Ac- 
tivity) 


9:30 a.m. 

A. L. BEALL, Chairman 
Production Problems of Turbojet 
Engines 

—T. S. McCRAE, Allison Divi- 
sion, General Motors Corp. 
Strain Measurements on Rotating 
Parts 
—R. E. GORTON and R. W. 
PRATT, Pratt and Whitney Air- 
craft Division, United Aircraft 
Corp. 
(Sponsored by Aircraft Powerplant 
Activity) 


2:00 p.m. 

E. H. SMITH, Chairman 
Business Session of Passenger Car 
Activity 
Passenger Car Engine Powerplant 
Mountings 

—E. F. RIESING, Firestone In- 
dustrial Products Co. 
Factors Affecting Passenger Car 
Gasoline Economy 
SAE JOUR? 
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MEETING 











January 10 - 14 


W.S. JAMES, Fram Corp. 
(Sponsored by Passenger Car Ac- 
tivity) 


2:00 p.m. 

H. D. HOEKSTRA, Chairman 
Business Session of Aircraft 
Powerplant Activity 
Boeing 200-Horsepower Gas Tur- 
bine 

—S. D. HAGE, Boeing Airplane 
Co. 
Postwar Reciprocating Engine De- 
velopment 
—F. J. WIEGAND and E. H. 
OLSON, Wright Aeronautical 
Corp. 
(Sponsored by Aircraft Powerplant 
Activity) 


THURSDAY, JAN. 13 
9:30 a.m. 

L. A. BLANC, Chairman 
Factors Affecting Octane Number 
Requirement 

—H. J. GIBSON, Ethyl Corp. 
Wide-Cut Diesel Fuels 

—A. B. CRAMPTON, S. H. 

HULSE and N. H. RICKLES, 

Standard Oil Development Co. 
(Sponsored by Fuels and Lubri- 
cants Activity) 


9:30 a.m. 
G. A. PAGE, JR., Chairman 
The Design of Aircraft Structures 
for “Mass Production” 
—-O. A. WHEELON, Douglas Air- 
raft Co., Inc. 
Cost Cutting Chance Laws Can 
Control Design Tolerances 
—DORIAN SHAININ, Hamilton 
Standard Propeller Division, 
United Aircraft Corp. 
sonsored by Aircraft Activity) 


2 p.m. 

H. L. MOIR, Chairman 
siness Session of Fuels and 
ricants Activity 
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Presentation of HORNING ME- 

MORIAL MEDAL to A. C. PIL- 

GER, JR., Tide Water Associated 

Oil Co. 

The Combustion of Diesel Fuel 
—M. A. ELLIOTT, Bureau of 
Mines 

(Sponsored by Fuels and Lubri- 

cants Activity) 


2:00 p.m. 

D. D. BOWE, Chairman 
Business Session of Aircraft Ac- 
tivity 
Personal Aircraft—Problems and 
Progress 

—HERB RAWDON, Beech Air- 
craft Corp. 

Today’s Picture in Helicopters 
—R. H. PREWITT, Prewitt Air- 
craft Co. 

(Sponsored by Aircraft Activity) 


8:00 p.m. 
]. T. DYMENT, Chairman 
Refuelling in Flight 
—C. H. LATIMER-NEEDHAM, 
Flight Refuelling Ltd. 
(Sponsored by Air Transport Ac- 
tivity) 


~ FRIDAY, JAN. 14 


9:30 a.m. 

E. L. DAHLUND, Chairman 
Status of Dual-Fuel Engine De- 
velopment 

—R. L. BOYER, Cooper-Bes- 
semer Corp. 
(Sponsored by Diesel Engine Ac- 
tivity) 
9:30 a.m. 

L. R. KOEPNICK, Chairman 
Business Session of Air Transport 
Activity 
Interior Treatment of Aircraft 

—J. J. HARRINGTON, North- 
west Airlines, Inc. 
How Aircraft Interior Design May 
Profit by the Experience of Other 
Forms of Transportation 


—W. D. TEAGUE, Designer 
(Sponsored by Air Transport Ac- 
tivity) 


2:00 p.m. 

E. T. VINCENT, Chairman 
Business Session of Diesel Engine 
Activity 

New Engine Design 

Development of a Combustion 

Chamber for Medium and High 

Speed Diesel Engines 
—J. B. FISHER, Waukesha Mo- 
tor Co. 

Features of the Sheppard Diesel 
—R. H. SHEPPARD, R. H. Shep- 
pard Co., Inc. 

(Sponsored by Diesel Engine Ac- 

tivity) 


2:00 p.m. 

W. W. DAVIES, Chairman 
Non-Flammable Hydraulic Fluids 
for Aircraft 
Development and Testing of Fire- 
Resistant Hydraulic Fluids 

—D. H. MORETON, Douglas 
Aircraft Co., Inc. 
Evaluation of Non-Flammable Hy- 
draulic Fluids 
—F. O. HOSTERMAN, Lockheed 
Aircraft Corp. 
A Completely Non-Flammable Air- 
craft Hydraulic Fluid 
—B. B. FARRINGTON, N. W. 
FURBY, and J. M. STOKELY, 
California Research Corp. 


Prepared discussion by: 

E. M. GLASS, Materials Labora- 
tory; USAF Air Materiel Com- 
mand 

C. C. SINGLETERRY, Bureau of 
Aeronautics, Navy Department 
R. R. LARSON and A. G. CAT- 
TANEO, Shell Development Co. 
W. S. LOOSE, Dow Chemical Co. 
J. M. RUSS, Carbide and Carbon 
Chemicals Corp. 


(Sponsored by Aircraft and Air 


Transport Activities) 














WEDNESDAY, JAN. 12 


DINNER 


Detroit Masonic Temple, 500 Temple Street 
E. P. LAMB, Chairman, SAE Detroit Section 
Toastmaster—ROBERT F. BLACK, President, White Motor Co. 


R. J. S. PIGOTT, President SAE 
S. W. SPARROW, Presidential Nominee SAE 


“"Recovery—The Road to Peace” 


PAUL G. HOFFMAN 


Administrator, Economic Cooperation Administration 




































































Based on the seven papers and discussions presented at 
four sessions under the chairmanships of E. A. Droegemuller, 
E. J. McLaughlin, H. L. Moir, and R. C. Alden. Papers “A 
Method of Evaluating Aircraft Engine Oils by Piston Ring 
Sticking Tests” by James E. Champion, Continental Motors 
Corp.; “Lubricant Selection and Application for Aircraft— 
The Air Forces Approach,” by E. M. Glass, Air Materiel 
Command; “Field Experience With High Sulfur Diesel 
Fuels” by R. J. Furstoss, Caterpillar Tractor Co.; “Special 
Heavy Duty Type Engine Oils” by J. A. Edgar, J. M. 
Plantfeber, and R. F. Bergstrom, Shel! Oil Co., Inc.; “Motor 
Oil Consumption Characteristics (Volatility, Viscosity, Vis- 
cosity Index, and VI Improvers)” by C. W. Georgi, Quaker 
State Oil Refining Corp., and prepared discussions by A. B. 
Boehm, Enjay Co., Inc.; J. W. Newcombe, Monsanto Chemi- 
cal Corp.; V. W. Ware, Rohm & Haas Co., and H. R. Wolf, 
Research Laboratories Division, General Motors Corp. Also 
“A New Road Octane Number” by F. R. Watson, F. H. 
Caudel, and j. D. Heldman, Shel! Oil Co., Inc.: and “A 
Single Cylinder Engine Laboratory Procedure to Predict 
Road Anti-Knock Performance” by F. T. Finnigan and E. M. 
Clancy, Pure Oil Co. Complete papers available from SAE 
Special Publications Department. Price: 25¢ to members, 
50¢ to nonmembers. 











ONG-RANGE planning of SAE Fuels and Lubri- 
F cainte Meetings programs again “proved its value 
when more than 500 technologists and engineers met 
at Tulsa, Okla., on Nov. 4 and 5, for one of the most 
stimulating national meetings of the year. 

Experts in this field of automotive engineering 
disclosed—at sessions where attendance ranged 
from 300 to 500—that laboratories from coast to 
coast have been working on improving the lot of 
car,. truck and aircraft operators. 

How a long-range preparedness program would 
have saved the United States more than $220 billion 
was explained by Col. Roscoe Turner, who advocated 
a combined military air arm, strengthened com- 
mercial airlines, unhampered development of muni- 
cipal and private airfields and feeder lines, and 
private flying to keep this nation potentially strong 
in the air. 

He cited the record to show that jealousies among 
top military command, incompetent administration 
of regulatory authorities, and attacks through legis- 
lation upon commercial and civil aviation tend to 
weaken the country’s potential strength in case of 
attack. 

Contributary reason for our national weakness, 
Turner said, is the general and widespread phi- 
losophy that individuals need not work in order to 
eat, and called upon his audience to press their 
congressmen to encourage less wasteful Govern- 
ment expenditures and more appropriations for 
aviation in all of its forms. 








PETROLEUM 
ENGINEERS 


As might have been expected when SAE petroleum 
experts got together on the question of how volatil- 
ity, viscosity, viscosity index and VI improvers affect 
engine oil consumption, they detonated the most 
volatile technical session of the meeting. 

The flashpoint of the meeting was quickly reached 
when a speaker described viscosity index improvers 
as complex polymers of high molecular weight which 
were characterized by a long chain structure with 
side groups, and likened a polymer-mineral oil blend 
to a handful of spaghetti mixed into a cup of peas, 
the latter representing the shape of the oil mole- 
cules. 

At low rates of flow, such as pouring the spaghetti- 
peas mix from a cup, the mass forms a crisscross 
matrix and impedes flow. This hindrance to the 
flow was equivalent to the apparent increase in 
viscosity. 

Carrying out his analogy further, he pointed out 
that at high rates of flow, which would correspond 
to high rates of shear, the string spaghetti would 
tend to become oriented parallel with the direction 
of flow, and would offer less impedence to the flow 
of peas. 

“This greater flowability is then equal to an ap- 
parent decrease in viscosity, although the mixture 
has not been altered in composition or temperature. 
The only change is the rate of motion,” he pointed 
out. 

Because volatility, viscosity and VI index are 
largely interdependent, they are difficult to isolate 
and study separately, he said. 

As far as the average motorist is concerned, the 
condition of his engine and his rate of speed in 
driving govern oil consumption. Tests cited indi- 
cated that sustained high speeds can increase fuel 
consumption as much as four times and more. On 
the other hand, he reported that his findings 
showed that some engines are relatively insensitive 
to changes of oil. 

How high sulfur fuels increase cylinder and ring 
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TECHNOLOGISTS and 
Report on New Products, Research 


SAE Mid-Continent Section Chairman 
G. W. Cupit, Jr., left, with J. R. Mac- 
Gregor, SAE Vice-President for Fuels 
& Lubricants, and A. O. Willey, the 
F & L Meetings Committee chairman 








Toastmaster William G. Skelly, left, 
with Col. Roscoe Turner principal 
speaker at the F & L Dinner, J. V. 
Brazier, chairman of the dinner pro- 
gram and of the General Committee, 
and SAE President R. J. S. Pigott 

















wear in diesel engines was disclosed in a compre- 
hensive report by one engineer, and a three-author 
paper following it reported a new special heavy-duty 
type engine oil to cope with this wear and excessive 
engine deposits. 

Every indication is that high sulfur diesel fuels 
are here, and will be with us because of the excessive 
cost in removing the sulfur and the fact that we are 
running low on sulfur-free petroleums. 

Much of the work done in checking excessive wear 
was done on diesel powered fishing vessels operating 


off the West Coast and at pumping installations in 
Mexico. 





From the engine design standpoint some relief 
can be expected through improved engine design in- 
cluding better temperature control, and use of 
corrosion-resistant materials. 

One technique employed in the investigation was 
to change to fuels of lower sulfur content after wear 
with the higher sulfur fuels had been measured. 
High wear rates continued, but operating life was 
tripled with the substituted fuels, the author said. 

The new compounded engine lubricant designed 
to reduce engine wear with high sulfur fuels also 
corrects corrosive wear and fouling, whether caused 
by operating conditions, sulfurous fuels, or both. 


Vice-Chairman R. G. Hilligoss 
of the SAE Mid-Continent Sec- 
tion, left, with William F. Lowe, 
treasurer of the General Com- 
mittee, F. E. DeVore, chairman 
of the Reception Committee, 
and D. R. Frey, chairman of the 
Entertainment Committee of the 
General Committee 


Winners of the student debate 
which closed the National Meet- 
ing was the Oklahoma Univer- 
sity team shown here with Coach 
E. M. Sims, left, Raymond Smith, 
William Smith, and David Leid- 
man. Subject: All research and 
development should be concen- 
trated upon jet powerplants 
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These authors reported that a diesel engine which 
had shown cylinder wear of 0.017 in. after 1000 hr of 
operation on conventional heavy-duty lubricants 
had been operated for 3172 hr on the new oil with 
wear at the rate of only 0.0005 in. per 1000 hr, a 
ratio of 1 to 34. 

The lubricant had been developed to prolong 
operating periods of laboratory test engines. Sub- 
jected to the customary CRC fuels and lubricants 
endurance, cleanliness, and corrosion tests, the new 
lubricant had produced operating results indicating 
that these tests will prove to be inadequate to study 
quality differences in oils of the new type. 

As indicated by the previous speaker, the authors 
said that the most economical solution to high wear 
of cylinders and rings caused by high sulfur diesel 
fuels was to use the new type of fubricant. 

From the U.S. Air Force came the reassuring in- 
formation that the 400 special lubricants in stock 
during World War II had been successfully reduced 
to approximately 20. An Air Materiel Command 
technologist cited, as an example, that cooperaticn 
of Boeing engineers and petroleum engineers at 
early stages of the design of the B-50 superfortress 
had made possible the use of only one oil and one 
erease for most of the giant airplane’s lubricated 
parts. 


Added Advantages Cited 


The collateral advantages in reducing the num- 
ber of types of special lubricants for the Air Force 
included, he said: 

e Reduction of training periods for personnel and 
an insurance against errors, and 

@ Unusual savings in bearings. 

Magnitude of the first point was shown by the fact 
that military personnel having direct or indirect 


Cklahoma A & M University debating team was composed of (seated left 
to right) M. A. Bryant, Robert Kerr, and Sylvanus Walker, with Marion 
Ball, alternate. Standing are Coaches L. A. Payne and James O'Neill 
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contact with lubricants or lubrication included 
20,000 engineering officers and 760,000 maintenance, 
armament, communication and radar, and airplane 
supply enlisted personnel. 

Supplying aircraft lubricants to the 1500 domestic 
installations maintained by the Air Force from 
1942 to 1945, and the 800 additional installations and 
stations outside the Continental United States had 
been a tremendous logistics problem. This would 
be largely solved by such programs of simplification 
as this, he said. 


New Index Proposed 


A new index of anti-knock quality for gasoline 
widely used in automobiles generally available was 
proposed by three authors, who explained that the 
anti-knock performance of gasoline in cars on the 
road may be described adequately in terms of an 
equivalent blend of iso-octane and normal-heptane 
—equivalent in the sense of giving knock-free per- 
formance in exactly the same percent of cars in 
general on the road. 

This “road octane number” would enable engine 
designers to develop powerplants with the full 
knowledge of fuel requirements on the one hand and 
help refiners to produce fuels which will satisfy 
needs of engines in cars on the road. 

Two other speakers reported the development of 
a laboratory test engine and test methods which 
accurately reflect findings in actua! road tests of 
gasoline. 

While the need for road tests has not been elimi- 
nated, the new engine and test methods comprise a 
satisfactory tool for predicting gasoline anti-knock 
performance on the road, and effectively screen 
road test programs and fuel development work. 

Equipment and test method embody modifications 
of the CFR engine and principles of the Borderline 
Road Test Method. An oscillograph coupled to a 
magnetic type pickup replaces the unreliable human 
ear in identifying and measuring knocks. Improve- 
ments have been made in carburetion. 

The authors reported that the single-cylinder en- 
gine and test method have predicted fuel anti-knock 
performance on the road within 1.5 octane numbers. 
Such road testing difficulties as climatic differences 
and driver fatigue are eliminated. Only one quart 
of fuel is required and a large number of sample 
fuels can be tested within a relatively short period. 

At the closing session of the two-day meeting the 
SAE Student Group of the Oklahoma A & M College, 
of which Paul G. Hash is chairman, presented scrolls 
to President Henry G. Bennett of the institution, 
Col. Phillip S. Donnell, vice-president, and Edward 
R. Stapely, dean of engineering, in recognition of 
their efforts in acquiring for the college the Klock- 
ner-Humboldt-Duetz Diesel Engineering Laboratory 
equipment said to be worth $10,000,000. This was 
brought from Germany. 

The closing feature of the meeting was a debate 
between engineering students of Oklahoma A & M 
and Oklahoma University in which the latter team 
won. Master of ceremonies was Jack E. Kline. 
Judges were C. B. Veal, J. H. Baird, L. E. Shedenholm, 
Section Chairman George W. Cupit, Jr., Gustav 

Wade, and J. E. Champion. 
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Diesel Design Tips 
Emphasize Balance 


Based on paper by 


ROBERT V. LARSON 


Caterpillar Tractor Co. 


PECIAL stress conditions shape the 

design of major parts of the indus- 
trial diesel engine. Method of fabrica- 
tion also should influence the design 
for best blending of function and econ- 
omy. 

For example, design of the engine 
crankcase requires detailed knowledge 
of pattern-making and foundry prac- 
tice. The designer should consult fre- 
quently with such specialists during 
cylinder block and crankcase layout. 

Lateral rigidity is important to pro- 
vide the most rigid support for main 
bearings. Deep ribbing may be dan- 
gerous because stress concentrations 
along edges of the ribs cause failure 
from fatigue cracking. Well-blended 
ribs, not too deep, are preferable. 
Tying crankcase sides together below 
the crankshaft adds considerably to 
lateral rigidity. 

Counterweighting the crankshaft re- 
duces both bearing loads and lateral 
bending forces on the crankcase. But 
the designer must always compromise 
counterweighting with a high natural 
frequency—a complex problem. 

Connecting rod bearing load dia- 
grams largely determine connection rod 
design. If engine speed is not unusu- 
ally high, principle stresses stem from 
gas pressure, and inertia forces are 
somewhat lower. There is no need to 
taper the center section since whipping 
stresses are less than those from gas 
pressure. 

Designing for minimum cross-section 
gains little because most of the weight 
is in the ends. 

And an oil hole through the con- 
necting rod endangers stress conditions 
at the small end. It has been found 
that stress concentrations due to an 
oil hole is about double the maximum 
stress without one. This is a severe 
penalty to pay for an oil hole; it should 
be avoided if possible. 

It has been common practice to 
design the connecting rod “I” section 
with a moment of inertia about the 
longitudinal axis four times that about 
the transverse axis. Apparently the 
assumption of the end conditions is 
not accurate since connecting rods 
nearly always bend about the weaker 
axis. 

In more recent design practice the 
ratio is 3 to 1 and gives satisfactory 
results. But there can be considerable 


latitude in this ratio; a diesel engine 
connect. : od generally has such a 
heavy “I section that column stresses 


seldom are more than 10% of the com- 
pressive stress. 
With piston pin stresses, the designer 


knowing certain fundamentals can 
take advantage of beneficial and eco- 
nomical production processes. 

Greatest stresses on the piston pin 
are on the inner surface, caused by 
forces which crush the cross-section 
out of round. Bending forces are 
secondary since the greater gas pres- 
sure loads of a diesel engine dic- 
tate a large diameter piston pin for 
adequate bearing areas. Thus a 
tapered bore in a piston pin is not only 
a needless expense, but also produces 
a weaker design. 

Machining methods leaving a rough 
internal surface or longitudinal tool 
marks should be avoided, but carbur- 
izing and hardening the pin’s inner 
surface minimizes troubles they may 
bring. Carburizing the inner surface 
inhances fatigue properties and lessens 
effects of a rough surface. Often it’s 
more convenient to carburize the inner 
surface than to protect the bore to 
avoid it. 

Observing these fundamentals usu- 
ally produces the most common type 
of piston pin—one carburized inside 
and out, with a straight bore. It’s 
hard to justify anything more costly. 

Rocker arm design is one place where 
production volume determines manu- 
facturing method and thus design. One 
successful design consists of sheet 
metal stampings, furnace-brazed to- 
gether. Another is a simple steel forg- 
ing. Malleable and pearlitic malleable 
iron castings also are used. 

Each of these designs is most eco- 
nomical in a certain range of produc- 
tion volume. Production costs must be 
carefully analyzed to determine which 
material is most economical. (Paper 
“Some Design Considerations for High- 
Speed Industrial Diesel Engines,” was 
presented at SAE Central Illinois Sec- 
tion, Peoria, Jan. 5, 1948. This paper 
is available in full in multilithographed 
form from SAE Special Publications 
Department. Price: 25¢ to members, 
50¢ to nonmembers.) 


Hydraulic Transmission 
Adds Special Features 


Based on paper by 
p 


R. M. SCHAEFER 
Allison Division, GMC 


N numerous applications the hy- 

draulic transmission started out as 
optional equipment, but became stand- 
ard because it provided extra features. 

A number of cases from the vehicle, 
tractor, and marine fields point up 
this something - new - has - been - added 
quality. 

When the engine and transmission 
of GMC coaches were moved to the 
rear, various remote controls and the 
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air shift produced excessive gear clash. 
ing and high overhaul costs. There 
was pressure to provide a conductor 
because the driver was too busy shift- 
ing gears in traffic to make change for 
passengers. A converter with auto- 
matic shift into direct drive was ip. 
stalled, the first production hydraulic 
transmission in the United States. 

The extra: better engine arrange. 
ment, more passenger space, and no 
need for a conductor. 

In 1940 came the Fluid Drive for 
Chrysler cars and the Hydra-Matic for 
Oldsmobiles and Cadillacs. 

The extra: reduction of driver 
fatigue by eliminating 14 motions 
normally required to shift gears at 
every start as well as smoother accel- 
eration at starting. 


Fewer Speeds 


About the same time Allis-Chalmers 
installed a torque converter on its 
largest crawler tractor. Its postwar 
model of this tractor now features the 
torque converter as standard equip- 
ment. This transmission reduces the 
number of speeds required from six to 
two. 

The extra: ability to operate the 
engine at a higher “power factor” so 
that the operator gets more work done. 
The tractor now moves 22% more dirt 
at 6% lower overall cost, with but 
slightly higher fuel consumption. 

Came the threat of war and Army 
Ordnance started searching for ve- 
hicles and tanks giving maximum per- 
formance with minimum driver ability 
and attention. A three-speed, semi- 
automatic full torque shifting trans- 
mission—Torqmatic—proved to be the 
answer for tanks. With only a few 
hours of instruction, a green driver 
could operate a tank equipped with 
Torqmatic better than an experienced 
driver with a conventional transmis- 
sion. 

The extra: less fatigue and availa- 
bility of the driver for additional 
functions. 

The GMC hydraulic marine gear 
reduces ,shifting to a minimum with 
hydraulically-operated clutches. It 
has no Fluid Drive—none is needed 
with a propeller in water. 

The extra: saving of servo mecha- 
nism normally required to shift me- 
chanical gears from the pilot house 
plus additional space. 

Similar time and effort savers in- 
troduced since the war are the Buick 
Dynaflow and converters for track- 
laying tractors. A good future lies 
ahead for the hydraulic transmission 
in the large farm vehicle line because 
it makes possible more work in less 
time. (Paper “Applications of Hy- 
draulic Transmissions,” was presented 
at SAE National Tractor and Diesel 
Engine Meeting, Sept. 8, 1948. This 
paper is available from SAE Special 
Publications Department. Price: 25¢ 
to members, 50¢ to nonmembers.) 
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Wide Uses Complicate Ball Bearing Design 
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Fig. |—Like the ball bearing itself, the seal is a product of evolution 


of basic types. Above is shown the evolution 


paper by 
FAYETTE LEISTER 


Fafnir Bearing Co 


HEN a bearing engineer satisfies 

fundamental considerations and 
comes up with a specific design, his 
job is only begun. Complications of 
various hues arise when he confronts 
the variety of parts for which this 
particular ball bearing is destined. 

For example, one basic size—known 
as No. 203—is a single-row Conrad ball 
bearing with a 17mm bore, 40mm out- 
side diameter, and 12mm width. Off- 
spring of this one basic, standard 
boundary dimension bearing are now 
counted in the dozens. . This stems 
from developments over the years, 
need for user economies, elimination 
of parts, and lubrication simplification 
among a host of reasons. 

Closures or seals used on one basic 
size bearing evolved somewhat as 
shown in Fig. 1. No. 1 is an original 
front wheel bearing called a dust plate 
in those days. No. 2 was a front trans- 
mission bearing on the early Dodge 
car. 

Sometimes in a specific case one de- 
sign after another is developed until 
a balance is struck between seal, cost, 
replacement, and other factors. Not 
uncommon to mechanical develop- 
ments, this type of progress particularly 
marks antifriction bearing design. 

Three types of retainers in one basic 
size bearing are shown in Fig. 2. 
Actually some 35 types are used. Fig. 
3 shows the variety. Factors estab- 
lishing retainer type are needs for 
high production, low volume produc- 
tion, assembly requirements, resistance 
to a particular severe service, and bal- 
ance. (Paper “Ball Bearings—Design 
ind Application,” was presented at 
SAE Cleveland Section, March 8, 1948. 
Chis paper is available in full in multi- 

thographed form from SAE Special 

-ublications Department. Price: 25¢ 
) members, 50¢ to nonmembers.) 
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of one seal design 





Fig. 2—These are three types of retainers for one basic size bearing. 

First, at left, is the conventional pressed steel retainer in the Conrad- 

type bearing. Next is a two-piece machined bronze ring, piloted re- 

tainer in the same type bearing. The one at right is a ring piloted 

retainer of the single-piece type, which required a counterbored outer 
ring for assembly purposes 





Fig. 3—These different retainers leave little doubt as to the variety currently 


used in ball bearings 





Predicts Advances 
Due in New Trucks 


Based on paper by 
FRED B. LAUTZENHISER 


na larve 


LTHOUGH manufacturers are not 
willing to disclose the designs of 
their basically new postwar trucks yet, 
it’s safe to guess that certain improve- 
ments will appear sooner or later in 
the cooling system, tires, cab heating 
and ventilating system, and elsewhere. 
There will probably be some means— 
either a variable-pitch fan or mag- 
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netic or eddy current fan drive—to 
match the air delivery of the fan to 
the cooling need. This will not only 
avoid the waste of horsepower and 
fuel required to drive the fan when it 
is not needed but also eliminate need 
for thermostats and winterfronts to 
dissipate surplus cooling. 

Now that a surge tank built into a 
radiator top tank has been developed, 
pressurized cooling systems can be ex- 
pected. Such systems would conserve 
water in desert operation and anti- 
freeze in subzero operation and avoid 
need for baffling. 

Tire manufacturers are talking of 
tires—possibly of 100%-synthetic rub- 
ber—good for 100,000 miles of service. 

























And the time may come when com- 
mercial vehicles are equipped with a 
central tire inflation system like that 
developed for the Army duck. On that 
vehicle, the driver can inflate or de- 
flate any or all tires whether the 
vehicle is stationary or traveling at 
full speed, either on land or in water. 

Maybe drivers will be able to enjoy 
air conditioned cabs—fresh air being 
forced through the cowl ventilator and 
heated for winter or refrigerated and 
circulated by fans in summer. 

Among other developments bound to 
come are power steering, both air and 
hydraulic, for-the heavy-duty tractor 
truck and the off-highway vehicle. . . 
two-way radio. . .polarized headlight- 
ing. . .ball-loaded bushings, either rec- 
tangular or round, for reciprocating 
motion. . .speedometers that tell when 
to shift gears. . .a floating, anthro- 
pologicallly correct diver’s seat. . .a 
fuel supply tank that can’t explode. . . 
semitrailers with genuinely round noses 
. . fifth wheels which will shift the 
load instantly between front and rear 
axles. (Paper “Good Roads and High- 
way Transport Make Possible the 
American Standard of Living,” was 
presented at SAE Cincinnati Section, 
Jan. 26, 1948. This paper is available 
in full in mimeographed form from 
SAE Special Publications Department. 
Price: 25¢ to members, 50¢ to non- 
members.) 


Tells of English Ford 
For U. S. Distribution 


Based on paper by 
C. B. LONSDALE 
Ford Motor Co., Ltd. 

CONOMY of operation is being ad- 

vanced in selling the English Ford 
Anglia to the American market. 

This two-door car gives at least 30 
mpg. Its engine is rated at 20.1 hp. 
The SAE rating (which is a popular 
misnomer since SAE had nothing to do 
with the formula) is 10 hp. 

The Anglia weighs 1700 lb and has a 
90-in. wheelbase. It has mechanical 
brakes with an ll-in. drum. Tire size 
is 5.00x16. Its small size makes the 
car easy to park and to garage. 

The Anglia is a mechanic’s dream 
because it is so easy to service. To 
simplify servicing in this country, many 
parts of the Anglia are interchangeable 
with those of the American Ford ... 
the engine, lamps, electrical equipment, 
and many other parts. 

Other models in the English Ford 
line being marketed here are the four- 
door Prefect, a one-quarter ton panel 
truck, and a one-half ton panel truck. 
(Paper “Low-Horsepower Vehicles in 
the U.S.A.,” was presented at SAE New 
England Section, Boston, May 4, 1948.) 





Rotary Tiller Advance Hinged to Use, Design 


Based on paper by 
LOREN A. LURA 
Lavers Engineering Co 


SER education and design improve- 
ment are the big problems facing 
rotary tiller makers. 

The user problem: 

Farmers and machinery engineers 
must be educated that the rotary 
tiller supplements rather than replaces 
the plow. 

The design problem: 

Finding the best type of tines is one 
of the major design considerations 
today. 

A mistaken belief among farmers 
and even some farm equipment en- 
gineers has it that the rotary tiller is 
meant to take the plow’s place. 
Though true in isolated cases, fact of 
the matter is that the rotary tiller does 
certain jobs better than other cultivat- 
ing equipment. 

Rotary tillage is used to greatest 
advantage in cultivating row crops. 
In this method of cultivation the till- 
er’s revolving tines dig into the soil 
and throw dirt up against the ma- 
chine’s hood. Here the soil is broken 
into small particles. This leaves roots 
of the weeds on top of the soil, broken 
loose from the dirt, so that a few hours 
in the sun will destroy them. 

This method works well in flower 





beds of Tennessee, where early culti- 
vation yields earlier flowers for the 
market. In growing gladiola bulbs— 
planted 4 to 6 in. deep—the rotary 
tiller can cultivate above the bulbs, de- 
stroying all the weeds directly in the 
row. 

The same method achieves equally 
good results in the canefields of 
Florida, where trash between the rows 
must be left under the surface after 
cultivation. The screw conveyer type 
tiller excels in the cane application 
because of its greater covering and 
cutting action. 

Another use to which farmers can 
put the rotary tiller with good ad- 
vantage is in cultivating exceptionally 
wet ground. In truck gardening it is 
best to cultivate immediately after a 
rain to prevent the hot sun from bak- 
ing the ground. The soil doesn’t dry 
so deep if covered with loose soil on 
top. This also helps to fight weeds. 

While the rotary tiller is beginning 
to establish itself as best for certain 
kinds of jobs, design of the ideal tine 
for the machine remains undiscovered. 
Shape and devices for preventing ex- 
cessive tine breakage are among the 
major considerations in this area. 

Tine shapes on the market are prac- 
tically unlimited. But the ideal one 
is nonexistent. It seems that what 
works under one condition or in one 


Fig. 1—Spring-mounted tines on rotary tillers release themselves 
when striking a hard object so that tine breakage is minimized 
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territory won’t work in another. Per- 
haps the answer lies in several types 
to ft several soil conditions and uses. 

Pasic fundamental to remember in 
tine design is that it takes less energy 
to drive a pointed pick than a wide, 
sharp point into the ground. The 
sharper the point, the less power re- 
quired to drive the tiller and the 
deeper the rotor will penetrate. 

To keep tines from breaking when 
striking a hard object, a spring action 
is being designed into the implement. 





Spring mounting, friction clutches, and 
rubber mounting are the ways being 
tried to release the tine when it hits 
a rock. 

Fig. 1 shows a typical rotor with 
spring-mounted tines. This design 
produces excellent results, with a low 
percentage of bent and broken springs 
and tines. Notice in Fig. 2 (a high- 
speed photograph) how the tine wraps 
around and coils up the spring as it 
strikes the soil. Without springs, the 
impact would be transmitted back to 
the rest of the machine. 

Efforts are being made to duplicate 
this spring action with rubber bush- 
ings. Fig. 3 illustrates one such ex- 
perimental attempt. The sharp edge 
on the rubber bushing holder breaks 
the ground ahead of the tine holder 
to prevent the holder from striking the 


Fig. 2—Springs absorbing the shock of 
impact as the tine strikes the ground 
keep the machine lighter and less 
costly. Trouble with spring-loaded 
tines is that the spring strikes the 
earth ahead of the tine so that on hard, 
abrasive soil, springs wear out before 
the tines. Changing this point of con- 
tact upsets tine contour and point of 
entrance. Result: greater tine break- 
age and machine vibration 


Fig. 3—This ex- 
perimental _rub- 
ber-mounted tine 


Eight-Job Gyropilot Gives Accurate Control 


Based on paper by 


P. HALPERT 
Sperry Gyroscope Co 
Division of the Sperry Corp 


HE A-12 Gyropilot performs eight 

functions and contributes to passen- 
ger comfort despite air turbulence. It 
also achieves a much higher standard 
of control. 





hard ground first. In this type of 
arrangement tines can be placed 180 
deg apart and in the same plane, im- 
possible with the spring-mounted tine. 
This allows the rotor to run slower for 
a given miles per hour without increas- 
ing the length of bite between tines. 
Another goal aimed for is a self- 
cleaning tine that would eliminate the 
wrapping of trash around the rotor. 
(Paper “Design and Power Require- 
ments of Rotary Tillers,” was pre- 
sented at SAE National Tractor and 
Diesel Engine Meeting, Milwaukee, 
Sept. 9, 1948. This paper is available 


in full in multilithographed form from 
SAE Special Publications Department. 
Price: 25¢ to members, 50¢ to non- 
members.) 


is smoother and » See 


lighter in weight 

than the spring- 

mounted  con- 
struction 
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The eight functions are: 


1. Maintains altitude. An automatic 
altitude control maintains the airplane 
at any selected pressure altitude, re- 
gardless of turbulence, trim or other 
factors. 


2. Maintains magnetic heading. The 
directional gyro is slaved to a magnetic 
reference, remotely located so as to be 
free from local magnetic disturbances. 
It is not necessary, as in previous 
models, to refer to the magnetic com- 
pass frequently and reset the Gyro- | 
pilot to the desired heading. 


3. Maintains a navigational track. | 
An automatic approach control fur- 
nishes automatic navigation along any 
radio path, defined by error signals 
when the airplane is to the right or left 
of that path. This automatic approach 
control is specifically designed to bring 
the airplane to the runway along the 
localizer and glide path beams, per- | 
{ 
} 





forming the next function. 


4. Maintains approach to the run- 
way. 


5. Establishes coordinated turns. 
The turn control permits maneuvering 
of the airplane in level or climbing 
turns. Turns are coordinated and the 
airplane fully stabilized for any de- { 
sired rate of turn. (Coordination is 
the automatic adjustment of the rate 
of turn to the bank angle so that skid- 
ding and slipping are eliminated 
throughout the airplane’s entire speed 
range.) 

j 
} 


6. Maintains airspeed. The airspeed | 

control maintains constant airspeed, 
especially during the approach. Oper- 
ating procedure is greatly simplified by 
automatic alignment of servo and sig- 
nal prior to engagement and by careful 
arrangement of the pilot’s control 
knobs. 


7. Maintains longitudinal control. 
The automatic elevator trim control ' 
senses the constant component of ele- 
vator force applied by the Gyropilot : 
and retrims the tab to a zero value of ; 
that force. 


8. Maintains attitude. Two princi- 
pal modes of control are applied. First, 
attitude control or short-period stabili- 
zation establishes the angle the craft 
will assume with respect to a set of 
reference axes. Second, path control 
determines either a plane or a line 
which the airplane will follow. Com- 
paratively long-period motions charac- 
terize path control. 


A ta Se Oe 
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The A-12 Gyropilot provides unusu- 
ally good riding characteristics in 
rough air which enhances passenger 
comfort. Disquieting swaying and 
pitching motions are suppressed. 
Advantages of the Gyrosyn system 
are many. The flux valve is a simple, 
rugged instrument which can stand the 
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abuse of location in the wing tip or the 
top of the vertical fin. Inherent value 
of the directional gyro is retained, for 
slaving can be suspended easily during 
turns or when otherwise required. The 
System accuracy is maintained in re- 
gions where the horizontal component 
of the earth’s magnetic field is very 
weak. 

The vertical gyro, which furnishes 
the reference for roll and pitch stabili- 
zation, is a vertical axis gyroscope that 
is continuously slaved to the direction 
of gravity. Slight deviations of the 
spin axis from the vertical are detected 
by an electrolytic switch mounted on 
the gyro housing. This erecting switch 
provides current in the control fields 
of small precession motors built into 
each gimbal. 

Complete electrical control of erec- 
tion has permitted elimination of the 
mechanical complexities of caging, for 
the gyro can be erected quickly upon 
starting and then switched auto- 
matically to normal slow precession 
rates. 

Signals from the gyros are demodu- 
lated or phase detected in the flight 
amplifier. They are applied to a re- 
sistance-capacity network to derive the 
error rate signal necessary for damping 
the airplane motion. 

A modified form of Ward-Leonard 
drive, developed for the A-12 Gyropilot 
Servo, was selected because of: (1) 
the low control power necessary to 
excite the generator fields; (2) the low 
standby power in proportion to the 
peak power output; (3) the high torque 
to inertia ratio obtainable in the servo 
motor; (4) the inherent damping or 
dynamic braking; and (5) the general 
flexibility offered for servo system de- 
sign. Successive refinements in design 
have reduced the weight of a three-axis 
system below that of equivalent self- 
contained electro-hydraulic units used 
in a recent military Gyropilot. 

The high torque at the motor arma- 
ture and low armature inertia (torque 
to inertia ratio is 30,000 radians per 
sec per sec) result in low gear ratios 
and a servo which is fully reversible 
from the load end. Nonlocking gearing 
aids, when sensing high aerodynamic 
loads, allow manual control of the air- 
plane without disconnecting the servo 
from the rigging. 

For greatest safety the mechanical 
disconnect has been placed at the ex- 
treme output end of the servo, between 
the last gear and the cable drum. The 
disconnect is operated by direct cable 
connection on the theory that it gives 
the most reliable operation. 

The servo has always been the Gyro- 
pilot component most difficult to serv- 
ice; usually it is installed in less ac- 
cessible areas and is mechanically con- 
nected to the manual control cables or 
to the surface directly. To provide for 
ease in servicing, the servo is removable 
as a unit from its mounting bracket 
and drum. The mounting bracket 
and drum are intended as a perma- 
nent part of the airplane, requiring 










servicing only as often as the manual 
control system. 

(Paper “The A-12 Gyropilot,” was 
presented at SAE National Aeronautic 
and Air Transport Meeting, New York, 
April 15, 1948. This paper is available 
in full in multilithographed form from 
SAE Special Publications Department. 
Price: 25¢ to members, 50¢ to non- 
members.) 


“Dipstick” Sets Speed 
of Cabin Supercharger 


Based on paper by 
S. B. SHERWIN and 
D. O. MOELLER 


Stratos Corp. 


N its cabin supercharger, the Stratos 

Corp. has achieved variable speed 
control by means of a “dipstick” which 
controls oil pressure within the fluid 
coupling. 

The hollow “dipstick”, whose inner 
end is bent and shaped to scoop oil, ex- 
tends into the coupling shroud. As oil 
travels around the shroud at high 
peripheral speed, it is pumped out 
through the dipstick and drains into 
the supercharger oil sump. 

Oil is supplied through radial holes 
in the coupling shaft at a rate which 
depends upon engine speed only, since 
the oil supply pump is geared directly 
to the input shaft. The rate of oil 
discharge, and therefore the super- 
charger speed, is determined by the 
position of the dipstick. 

The dipstick is positioned by a flow 
control mounted on the supercharger. 
This consists of a servo piston which 
responds to venturi differential as 
sensed by a bellows-actuated spool 
valve. Control sensitivity has been 
determined to be within 0.1 in. of Hg 
for a 7.5-in. differential, a very small 
error. The control’s damping, which 
ensures stable operation, can be varied 
to suit various installation require- 
ments. 

In case an engine goes dead during 
flight, the pilot can throw a switch to 
close a solenoid which overrides the 
flow control and moves the dipstick 
as far as possible into the coupling 
shroud. Then the coupling operates 
at minimum oil level. Tests have 
shown that supercharger impeller speed 
is reduced from normal operating speed 
—rated speed is 34,000 rpm—to about 
5000 rpm for any input speed and that 
power from the input pad is then only 
about 5 hp. (Paper “Cabin Super- 
charger Design and Drive Systems,” 
was presented at SAE Annual Meeting, 
Detroit, Jan. 16, 1948. This paper is 
available in full in multilithographed 
form from SAE Special Publications 
Department. Price: 25¢ to members, 
50¢ to nonmembers.) 


68 





Ways To Estimate Payload 
Of Earthmoving Machines 


Based on paper by 


D. K. HEIPLE 


R. G. LeTourneau, Inc 


t hpmnap es is little industry unanimity 
on the method of translating rated 
capacity of earthmoving equipment 
into pay yards. While precise esti- 
mates are not possible, an easy rule- 
of-thumb gives a reasonable approxi- 
mation of pay yards carried. 

Such method is described by K. F. 
Park in his “Principles of Modern Ex- 
cavation and Equipment.” Park as- 
sumes (in computation of heaped 
capacity) that all materials will stand 
on a 1 to 1 slope above the side sheets. 
Then he applies a percentage conver- 
sion factor to determine payload. The 
percentage factor depends on the ma- 
terial; although many label it “swell” 
or “voids,” it is actually a composite 
figure including roughly both acquired 
voids and ability of earth to stand on 
a slope. 


Estimating Factor Derived 


With sand, for example, scraper 
load is considered to be 10% less than 
heaped rated capacity. While voids 
in sand probably are much less than 
10%, sand ordinarily doesn’t stand on 
1 to 1 slopes. Combination of these 
two factors, according to Park, pro- 
duces good estimates of maximum 
payload with the 10% figure. 

For topsoil or common earth, he 
prescribes a 20% “void” factor. A 
30% factor is assigned to plastic clays. 
Though it may contain more than 30% 
voids, clay can stand on slopes greater 
than 1 to 1. 

Best feature of this method is the 
easily-remembered progression — 10%, 
20%, 30%—for the three major divi- 
sions of scraper material (sand, earth, 
and clay). Difficulty arises from m- 
finite variations in soil charavcieris- 
tics within these three classifications. 
Clay for example, may contain sand 
and moisture in any quantity with 
from 10% to 40% voids. But since 
earthwork is a series of approxima- 
tions, it is possible—with experience— 
to make common-sense adjustments 
for individuai jobs. 

For a number of years this method 
has given us reasonable correlation 
between pre-job estimate and on-the- 
job performance. (Paper “The Rela- 
tion of Rated Capacity to Pay Yards 
in Earthmoving Equipment,” was pre- 
sented at SAE National Tractor and 
Diesel Engine Meeting, Milwaukee, 
Sept. 7, 1948. This paper is available 
in full in multilithographed form from 
SAE Special Publications Department. 
Price: 25¢ to members, 50¢ to non- 
members.) 
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Give Standard Names 
To Auto Gear Lubes 


EW designations for automotive transmission 

and differential lubricants recently adopted by 
SAE will help motor vehicle users select lubricants 
suited to specific kinds of operating conditions. 

These are the four designations, developed and 
adopted by the American Petroleum Institute, 








which will be published as a recommended practice 
in the 1949 SAE Handbook: 

1. “Regular Type Gear Lubricant—This term 
designates gear lubricants generally suitable for 
use in automotive transmissions and in most spiral 
bevel and worm gear differentials.” 

2. “Worm Type Gear Lubricant—This term 
designates gear lubricants generally suitable for 
use in truck type worm gear rear axles under very 
severe conditions of service.” 

3. “Mild Type Extreme-Pressure Gear Lubricant 
—This term designates gear lubricants having 
load-carrying properties suitable for many auto- 
motive transmissions and spiral-bevel differentials 
under severe conditions of speed and load.” 

4. “Multi-Purpose Type Gear Lubricant—This 
term designates gear lubricants having load carry- 
ing properties suitable for hypoid gears and other 
types of differentials and many transmissions.” 

Nonautomatic type transmissions, the classifica- 
tion indicates, require SAE 80, 90, 140, or 250 
viscosity gear lubricants. Automatic or semi-auto- 
matic transmissions, fluid couplings, torque con- 
verters, and tractor hydraulic systems may require 
special lubricants. To find the proper lubricant 
for these, the manufacturer should be consulted. 

Particularly helpful to the vehicle operator are 








the service applications given for these 
four lubricant types. These were de- 
veloped by the SAE committee to 
give users a basis for selecting the 
proper lubricant for a specific kind of 
operation. 

For example, in some gear sets tooth 
pressures and rubbing speeds are low 
enough so that straight mineral oils 
can lubricate the gears adequately. 
These oils are identified as straight 
mineral oils. 

Tooth pressures and rubbing veloci- 
ties in some worm gear sets are higher 
than can be safely lubricated with the 
Regular Type gear lubricant. Lubri- 
cants designed to meet these extreme 
conditions are designated Worm Type 
gear lubricants. 

Some transmissions—and particu- 
larly some spiral-bevel gear rear axles 
tend to score and wear excessively when 
operating under extreme conditions on 
Regular Type lubricant.. These gear 
sets may function satisfactorily on Mild 
Extreme-Pressure Type gear lubricants 
which have greater load-carrying ca- 
pacities than the Regular Type. 

There are gears in general use requir- 
ing a lubricant with the highest pos- 
sible load-carrying capacity for most 
speed and torque conditions. Typical 
ones are the hypoid type used in pas- 
senger cars and trucks. The Multi- 
Purpose Type lubricants are designed 
to give maximum protection at both 
high speed in car axles and under low- 
speed, high-torque conditions in heavy- 
duty truck service. These lubes also 
are suitable for spiral-bevel differ- 
entials and many transmissions. 

Calling this lubricant a multi-pur- 
pose type doesn’t mean that a single 
viscosity class suits all applications 
under all climatic conditions. The 
proper viscosity must be selected for 
each use. 

Until recently a sizable vaviety of 
names and classifications described 
transmission and differential lubri- 
cants. Consolidating and simplifying 
the many variables in transmission and 
differential lube testing resulted in 
development of these new designations 
by: the API Lubrication Committee, 
Division of Marketing. 


Road Test Terms 
Defined by SAE 


A report entitled Automotive Road 
Testing Terminology, just issued by 
SAE, fulfills a request from the Aber- 
deen Proving Ground. 

The report clarifies terms desig- 
nating various quantities measured in, 
and computed from, automotive road 
and field tests. It concerns itself 
chiefly with vehicle performance from 
the standpoint of power and propul- 
sive effort. 


Areas specifically covered by the re- 
port are the engine and power train, 
power losses and vehicle performance 
factors. Expressions and formulas for 
calculating necessary quantities are 
accompanied by definitions and discus- 
sions of salient terms. In certain cases 
test conditions for getting some of the 
test data are noted. 

The SAE Road Test Terminology 
Committee, that developed the report, 
Says it covers only a small part of the 
terminology encountered in road test- 
ing. Among the items not included are 
steering effort, turning radius, bursting 
speed of clutches, and fuel economy. 
The Committee recommended that the 
unfinished part of the job be tackled. 

This project resulted from a request 
from Aberdeen Proving Ground shortly 
after the end of the war; Aberdeen 
asked for comments and criticisms of 
a proposed “Road and Field Test 
Terminology” it developed. 

Members of the SAE Committee are: 
W. W. Henning, chairman, Interna- 
tional Harvester Co.; J. I.. Deffenbaugh, 
Caterpillar Tractor Co.; T. A. Haller, 
Allis-Chalmers Mfg. Co.; R. E. Mac- 
Kenzie, Studebaker Corp.; Dale Roeder, 
Ford Motor Co.; Emil Reusch, Inter- 
national Harvester Co.; R. F. Shepherd, 
GMC Truck & Coach Division; and 
A. F. Stamm, Chrysler Corp. 

Change in status of the SAE Con- 
trolled Soil Vehicle Testing Committee, 
another group that assists Army Ord- 
nance, was effected at the last meeting 
of the SAE Technical Board. Formerly 
a subcommittee under the SAE Tractor 
Technical Committee, the Controlled 
Soil Vehicle Testing Committee will 
now report directly to the Board. 

Big reason for this change is that 
mobility problems for track laying 


combat and military vehicles are con- 
sidered to differ materially from those 
for farm machinery. This change was 
made on recommendations of both the 
late Elmer McCormick, who was Tech- 
nical Board sponsor of the Tractor 
Technical Committee, and J. M. Craw- 
ford, chairman of the SAE Ordnance 
Technical Committee. 


Analyze Common Defects 
In Tool Steel Surfaces 


OOL steel users must allow for sur- 

face defects as well as machining al- 
lowances when buying tool steel hot- 
rolled bars and billets, according to the 
Nonproductive Steels Division, of the 
SAE Iron and Steel Technical Com- 
mittee. 

In recent discussions, Division mem- 
bers agreed that unless decarburiza- 
tion and surface defects go below ma- 
chining allowances, they shouldn’t be 
considered cause for rejection. For 
this reason they feel the user must be 
told why he has to buy stock larger 
than the tool into which it is to be 
made. 

Toward this end the group is pre- 
paring a table of allowances. It will 
specify the extent to which surfaces 
must be free from injurious defects— 
such as seams, laps, cracks, scale 
marks, slivers and scabs—for various 
size rounds and squares. 

For information of users, these vari- 
ous defects are explained. 

For example, seams generally come 
from a defect in the ingot and billet 
from which the bar is rolled or drawn. 
Common causes of seams are segre- 
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You'll Be Interested To Know... 


A NEW STUDENT BRANCH has been established at the University 
of British Columbia. ... It started as a student Club a year ago. 


SAE-DESIGNATED AMERICAN REPRESENTATIVE to the Com- 
mittee on Automobiles of the International Standards Organization 
meeting in Holland late in October, J. H. Hunt, returned just too late 
to report in person to the SAE Technical Board meeting in New York, 


Nov. 5... . While the Board was meeting, Hunt’s boat, anchored in 
the fog, was unable to dock. . . . His written report is currently being 
processed. 


NAMED AS GENERAL CHAIRMAN of the 1949 SAE Transportation 
Meeting is Robert Cass, White Motor Co. The gathering is scheduled 


NATIONAL MEETINGS COMMITTEE at its January meeting will 
explore fully all angles of site for Summer Meeting in 1950. 
1949 Summer Meeting will be at French Lick Springs.) White Sulphur 
Springs possibility would involve limitation of attendance to SAE 
members and a late July date. ... Chairman George Delaney is aim- 
ing for full attendance of his 18-man committee. 


SAE SPECIAL PUBLICATIONS DEPARTMENT, which celebrates 
its 4th Birthday next month, has distributed nearly 250,000 copies 
of SAE technical committee reports and 135,000 copies of SAE 
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cates rolled out from ingot. 

~ Laps in a bar of steel are said to 
stem from either poor pouring prac- 
tice. poor mold preparation, or poor 
surface condition of the billet. Poor 
roll adjustment in the mill also can 
cause laps. Rolling to too fine a point 
on the diamond pass will cause lap for- 
mation on the next pass. ‘ 

Another defect, cracks, generally re- 
sults from one of two things: (1) a 
crack in the ingot or bloom which is 
rolled out into the bar, or (2) cooling. 
Longitudinal cracks always arise from 
improper cooling or heating. Trans- 
verse cracks may develop because of 
hanger cracks in the ingot. 

The Division advises that scale, a 
fourth surface defect, is the penalty 
for poor surface condition on annealing 
followed by poor pickling after anneal- 
ing. 

The conferees report that slivers in 
a surface are picked up by the rolls 
and may be small portions spalled off 
the billets. The metal then is pressed 
onto the surface and imbeds itself into 
the bar being rolled. Poor surface con- 
dition of the ingot or billet—such as 
scarfing—contributes to this condition. 

Seabs on a surface can be traced to 
ingot and ingot mold condition, failure 
to preheat the mold thoroughly and 
evenly, or failure to coat or condition 
the mold inside prior to pouring to that 
stickers and hangers form. Splashing 
during pouring also is said to be a 
common cause of scab formation. 


Committee Personnel 


THE following appointments were 
made by the SAE Technical Board at 
its last meeting in New York: 

@P. L. Hehman, Packard Motor 
Car Co., to succeed R. A. Weinhardt 
on Joint SAE-ASTM Technical Com- 
mittee A on Automotive Rubber. 

@ R. W. Young, Wright Aeronautical 
Corp., to succeed R. F. Gagg as SAE 
liaison representative on ASME Gas 
Turbine Power Division. 

@ M. D. Gjerde, Standard Oil Co. of 
Indiana, currently vice-chairman of 
the SAE Fuels and Lubricants Com- 
mittee, as chairman of the Committee 
for 1949. 

@D. C. Heitshu, John Deere Har- 
vester Works, and G. Y. Anderson, 
Bucyrus-Erie Co., as SAE representa- 
tives on ASA Sectional Committe B29 
—Transmission Chains and Sprockets. 

Other recent personnel changes on 
SAE technical committees include: 

@ S. D. Browne, Barber-Colman Co., 
replaces T. K. Greenlee on the SAE 
Aircraft Air Conditioning Equipment 
Committee. 

@ J. W. Bridwell, Caterpillar Tractor 
Co., replaces D. B. Baker as chairman 
of the SAE Construction and Industrial 
Machinery Technical Committee. 

@ S. B. Shaw, Pacific Gas & Electric 
\o., added to the Automotive Traffic 
Noise Subcommittee of the SAE Motor- 
ach and Motor Truck Committee. 
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FIBERBOARD STANDARDS: Its initial efforts will be devoted to stan- 
dardizing untreated, laminated fiberboards, reports the Subcommittee on 
Fiberboard and Paperboard, of the SAE Non-Metallic Materials Committee. 
The subcommittee is agreed that the fiberboard classification will bear an 
SAE number. Among the material’s characteristics to be specified are 
dimensional stability, density, and water absorption. 


MARINE COUPLINGS: In bringing up to date the SAE Standard for 
Marine Propeller Shaft Couplings, the subcommittee doing the job has 
recommended straight bore coupling for shafts 134 to 3 in. But several 
companies are using taper bore couplings. It is general practice to use taper 
bore couplings on larger size shafts powered by industrial and marine type 
engines. The subcommittee is making a survey of marine engine manu- 
facturers to determine whether taper bore couplings ave sufficiently im- 
portant in the shaft sizes covered by the SAE standard. 


LUBRICATION FITTINGS: An SAE standard is in the making on lubrica- 
tion fittings for motor vehicles. It will include only those widely used in 
the automotive field. Dimensional variations of straight, hydraulic- 
straight, and elbow fittings as well as elbow adapters will be included in the 
standard. 


TRACTOR TESTING: The SAE Tractor Test Code recently was revised for 
publication in the 1949 SAE Handbook. The original test code was adopted 
in January, 1937. This, the first revision, streamlines considerably the 
original code, which was developed by both SAE and the American Society 
of Agricultural Engineers. 


TRUCK NOISE: The SAE Automotive Traffic Noise Subcommittee took 
measurements of truck noise on the West Coast last month, concentrating 
their work in the San Francisco area. This is the fourth of a series of 
sound tests conducted by the group, aimed at getting a picture of truck 
noise levels throughout the country. Locations of previous tests were: (1) 
South Brunswick, N. J., along a New York-to-Philadelphia highway; (2) 
Michigan on the Chicago-Detroit road; and (3) the General Motors Proving 
Ground to get noise measurements under controlled conditions. 


. ELECTRICAL EQUIPMENT: Standardization of electrical equipment for 


earthmoving type vehicles was assigned to a new group under the SAE 
Construction and Industrial Machinery Technical Committee. Assistance 
of the SAE Lighting Committee has been requested by this group, headed 
by T. A. Hopkins, Caterpillar Tractor Co. The, conferees feel much 
electrical equipment currently used was originally designed for the auto- 
motive industry and doesn’t satisfy construction industry needs. Among 
the items being studied are lamps, generators, starting motors, and wiring. 


ALUMINUM TERMINALS: Dimensional standards for solderless electrical 
terminals of aluminum, to replace the copper type, are being developed by 
the SAE Aircraft Electrical Equipment Committee. The industry finds 
such terminals suited for use with aluminum aircraft cable. The Com- 
mittee hopes to prepare a performance specification for aluminum termi- 
nals to accompany the dimensional standards. 


HEAT-RESISTANT STEELS: New specifications for 13 corrosion-resistant 
alloy casting steels and for 11 heat-resistant alloy casting steels have been 
developed as an SAE standard, to appear in the 1949 SAE Handbook. The 
job was done by the Corrosion and Heat-Resistant Ferrous Castings Di- 
vision, of the SAE Iron & Steel Technical Committee. Big use of these 
steels is in heat-treat furnaces, which many automotive manufacturers 
build and repair themselves. They also are used for cast exhaust valves 
and parts of the vehicle exhaust and cooling systems. The Division now 
is developing additional information on characteristics, properties, and 
applications to supplement the chemical composition specifications. 


VIBRATION PROBLEMS: The newly-organized SAE Vibration Committee 
will function in an advisory capacity to the Navy Bureau of Ships on 
mechanical vibration problems. The new Committee will cooperate with 
the Bureau on matters relating to vibration, engine dynamics, and related 
fields. A laboratory is being set up by the Navy for studying vibration 
p-oblems. Chairman of the SAE Vibration Committee is C. G. A. Rosen, 
Caterpillar Tractor Co. 
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HAROLD E. CHURCHILL, chief research engineer of the Studebaker Corp., receives from Rear 
Adm. Lucien M. Grant, left, a certificate of merit or appreciation awarded by the Office of 
Scientific Research and Development for outstanding services to the United States Armed 
Forces during World War Il. At the extreme right is CHARLES O. SLEMMONS, Studebaker 
chassis engineer, who also was honored. Churchill is 1948 chairman of the SAE Chicago Section. 


DR. ERNEST F. FIOCK, a leading authority 
in the field of combustion, is now chief of the 
new Combustion Section of the National 
Bureau of Standards. He will direct investi- 
gations in the determinations of burning 
velocities, flame temperatures, burner per- 
formance, and methods and instrumentation 
applicable to the handling and metering of 
fuels to the measurement of the tempera- 
tures of streaming gases. 





EDWARD P. KERRUISH, a long-time mem- 
ber of the Engineering Division at Cleveland 
Graphite Bronze Co., has been transferred 
from the post of chief development engineer 
to consulting engineer. Kerruish joined the 
SAE in 1918 and Cleveland Graphite Bronze 
in 1923. In his new position he will devote 
his time to counselling with company and 


customer engineers on product development 
matters. 





HENRY FORD ITI has received the Human Re- 
lations Medal given by the Society for the 
Advancement of Management. This award is 
given annually to the businessman whose com- 
pany does an outstanding job in the field of 
employee and industrial relations. The So- 
ciety hailed Ford for his “untiring efforts to 
‘minimize layoffs during the recent model 
change-over in his plant, thereby creating a 
feeling of understanding and cooperation 
throughout the organization.’ 





J. E. TRAINER, vice-president in charge of 
production for the Firestone Tire & Rubber 
Co., is serving as chairman of the committee 
on engineering for President Truman’s con- 
ference on Industrial Safety. The conference 
was called because of the constant increase in 
the toll of life and injury due to industrial 
accidents. ' 





72 


About | 


FRED M. YOUNG, president, Young 
Radiator Co., who returned from a trip 
through Europe as a member of the 
Wisconsin Trade Delegation, says: 
“Our United States is getting part of 
the recognition it deserves. We are 
known erroneously, however, as a rich, 
lush nation that has everything... 
About 98% of the Europeans know 
little about us except that we are ‘rich 
beyond words.’ ”’ 


ROGER BIRDSELL was recently 
elected to the position of vice-president 
of the Yates-American Machine Co., 
Beloit, Wis. Since joining the com- 
pany in 1934, he has been the manager 
of their Heat Transfer Products Di- 
vision. He is well known for his pio- 
neer work in the cooperative fuel re- 
search program. 


CARL H. KINDL has joined the staff 
of General Motors Corp. as assistant to 
O. E. HUNT, executive vice-president 
He formerly was with the Delco-Remy 
and Delco Products Division of the 
corporation. From 1928 to 1939 he was 
affiliated with Delco Products, Dayton, 
Ohio., as engineer, chief engineer, fac- 
tory manager and general manager. 
He joined National Cash Register Co 
and later joined Aviation Corp., where 
he became executive vice-president. 


HAL L. ATWOOD recently returned 
to Las Vegas, Nev., from a two-month 
trip around the United States. At 
present he is starting an industrial and 
marine enterprise to handle farm, in- 
dustrial and marine equipment. The 
development is to include a transporta- 
tion depot with cold storage facilities, 
complete repair service and sleeping 
quarters for truck drivers. 


P. J. MILLER is now associated with 
the Toledo Heater Co., Toledo, Ohio, in 
the capacity of general manager of the 
Bus Equipment Division. He had been 
with the Evans Products Co. as assist- 
ant works manager. 


JON L. VAN WAGENEN has resigned 
from the Clayton Mfg. Co. in El Monte, 
Calif. and has joined the Ramsey Corp., 
St. Louis, Mo. as a salesman in Ne- 
braska and Western Iowa. 
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Members 


FRED E. WEICK, director of the 
Personal Aircraft Research Center at 
Texas A & M College, College Station, 
Tex., was chairman of a meeting of 
representatives of six personal aircraft 
manufacturers, the CAA, CAB, and 
NACA which met at the Personal Air- 
craft Research Center. Weick is a 
past vice-president of SAE, represent- 
ing aircraft engineering. Other SAE 
members present were M. J. GORDON 
of Beech, J. H. GERTEIS of Cessna, 
and H. G. ERICKSON of Luscombe. 
The purpose of the meeting was to 
discuss the present changes in thinking 
on the problem of airplane spinning 
and to recommend research to the Per- 
sonal Aircraft Research Center. 


P. M. HELDT, a founder member of 
SAE, has just made arrangements with 
a Madrid publisher for production of a 
Spanish Edition of his authoritative 
books on “Torque Converters” and 
“The Automotive Chassis.” Acting as 
his own publisher at Nyack 9, N. Y., 
Heldt recently finished a completely 
revised edition (the 14th) of his book 
on “High-Speed Combustion Engines’. 


HENRY M. STROUT has been pro- 
moted to manager of the Ford Parts & 
Accessories Sales Department of Ford 
Motor Co. He had been district sales 
manager of the Somerville, Mass., area, 
covering Maine, New Hampshire, Ver- 
mont, Rhode Island, Massachusetts 
and part of Connecticut. He will direct 
the field sales force under the vice- 
president of sales and advertising. 


For meritorious contributions to 
progress in alloy steel, the American 
Society for Metals presented Distin- 
guished Service Awards to 18 SAE 
members. They are: A. L. BOEGE- 
HOLD, HYMAN BORNSTEIN, H. T. 
CHANDLER, C. N. DAWE, FRANK P. 
GILLIGAN, H. W. GRAHAM, FRED- 
ERICK J. GRIFFITHS, T. W. HARDY, 
WALTER G. HILDORF, ZAY JEF- 
FRIES, J. B. JOHNSON, AUGUSTUS 
B. KINZEL, HARRY B. KNOWLTON, 
HARRY W. McQUAID, JOHN MIT- 
CHELL, ROBERT B. SCHENCK, 
ROBERT W. SCHLUMPF and EARLE 
C. SMITH. 


MBER, 1948 


COL. JOHN SLEZAK, president of 
the Turner Brass Works, Sycamore, IIl., 
has been elected to membership on the 
board of trustees of Illinois Institute of 
Technology. He is also chairman of 
the board of Kable Brothers Co., Mt. 
Morris, Ill., and a director of the Whit- 
ing Corp., Illinois Bell Telephone Co., 
Felt & Tarrant Mfg. Co., Burgess-Nor- 
ton Mfg. Co., Illinois Manufacturers’ 
Association and the TMlinois State 
Chamber of Commerce. 


GORDON E. DAVISSON has ac- 
cepted a position with the Young Radi- 


ator Co. in Racine, Wis. 


sales engineer. 


JOHN H. BATTEN has been elected president 
of the Twin Disc Clutch Co. He joined the 
company in 1935 and has gained experience 
in the various departments in the shops and 
general office, been assistant general manager, 
assistant treasurer, vice-president and assis- 
tant general mnanager, and in 1945 was ap- 
pointed executive vice-president. This was 
the position he held previous to his election as 
president. 


G. LESTER JONES has been appointed chief 
engineer of Lear, Inc., Grand Rapids, Mich. 
During the past year, he served as assistant 
to the president of Indian Motocycle, Spring- 
field, Mass., where he supervised sub-con- 
tracting and tooling of two new motorcycles. 
Jones was instrumental in setting up their 
new plant in East Springfield. 


H. HERBERT HUGHES has been appointed 
by PAUL G. HOFFMAN to serve as strategic 
materials officer in the Paris office of the ECA 
Special Representative. He will be on leave of 
absence from the Studebaker Corp. for a year 
or two. 


JUD PURVIS, for the past 10 years editor 
and publisher of Lube-X Systems, Inc., has 
joined the editorial staff of Motor Service 
Magazine as technical editor. Before joining 
the staff of Automobile Trade Journal in 1929 
as technical editor, Purvis was in charge of 
automotive fleet maintenance for the Texas 
Co. 


CARL F. HIGH, connected with Ex-Cell-O 
Corp. since 1944 in an engineering and sales 
capacity, Fuel Injection Division, has recently 
been appointed representative on fuel injec- 
tion equipment for tractor, truck, bus and 
spark-ignited automotive engines. His terri- 
tory will include Michigan, Ohio, Indiana, 
Illinois, Wisconsin and Minnesota. 
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DR. HARRY P. CROFT has been appointed 
vice-president in charge of development for 
the Wheeling Bronze Casting Co. in Wheeling, 
W. Va. He was formerly associated with 
Chase Brass & Copper Co., Inc., and director of 
technical control and research for the Mid- 
western Division. 


WALTER G. CHANDLER recently became an 
engineer in the Aircraft Wheel and Brake Di- 
vision of Bendix Aviation Corp. in South Bend, 
Ind. He was previously president of Trans- 
portation Equipment & Accessories Co., Ltd., 
Montreal, Que., Can. 


SAE Members Said... 


“An afterburner is an auxiliary power device to increase the military 
thrust rating of turbo-jet engines for short periods of time. It is essenti- 
ally a specially-designed exhaust tailpipe into which fuel is injected and 
burned, resulting in an increase in exhaust gas jet velocity and an increase 
in thrust.” ... ROBERT E. DAY, project engineer, San Diego, Calif. 


plant of Solar Aircraft Co., at a meeting of the San Diego Section of the 
IAS, Oct. 21. 


“The coming of age of aviation has been dependent on two basic 
concepts. The first of these is the understanding and improvement of 
aerodynamic and structural characteristics of the airplane itself; the 
second, the development of an engine having sufficient power for a toler- 
able weight to propel the airplane.” ... JOHN K. NORTHROP, presi- 
dent, Northrop Aircraft, Inc., at the Library of Congress, National Air 
Council Lecture Series, Nov. 3. 


“Basic assignment for each of us is to keep alive intimate acquaint- 
anceship between personnel of industry and military officers directly con- 
cerned with industrial production. We—managers, superintendents and 
staff engineers—who might be involved in any future war production need 
to be acquainted with the successors of officers for whom we produced 
armaments during the last war.” ... K. T. KELLER, president, Chrysler 
Corp., at annual meeting of New York Post, American Ordnance Associa- 
tion, West Point, N. Y., Oct. 16. 


SAE Past President W. J. DAVIDSON, executive engineer, General 
Motors Corp., was chief speaker at the Victory Award Luncheon for 
winners of the 17th National Fleet Safety Contest, conducted by the Na- 
tional Safety Council; in Chicago on Oct. 21. Davidson talked of “New 
Motor Horizons” .. . told of gears which will last 20 times longer... 
mufflers coated with aluminum to greatly increase their life . . . a crank- 
shaft lubricant which doesn’t mind cold weather . . . and high compres- 
sion engines which will increase economy about 30%. 


J. F. SWIFT, project engineer on torque converters, Ford Motor Co., 
at the American Gear Manufacturers Association meeting in Chicago, 
Oct. 25-27 read a paper designed “to develop a general understanding 
of the hydrodynamic transmission (of which, Swift says, the torque con- 
verter is but one species), so that any one unit, no matter how strange its 
appearance or comnvlex its structu’e, may be evaluated.” ... “To achieve 
the maximum results with a hydrodynamic transmission,” Swift con- 
cludes, “it is usually necessary and desirable to use mechanical gearing 
with the hydrodynamic transmission. . . . In cases where volume will 
not justify the cost of designing and building a unit with specific hydro- 
dynamic characteristics, the use of gearing is frequently necessary to 
achieve the desired overall performance characteristics from the availa- 
ble hydrodynamic transmission.” 


74 


—————— Correction — 


J. VERNE SAVAGE plans to re-enter 
automotive engineering work after tak- 
ing a year’s vacation following his re- 
tirement as superintendent of Trans- 
portation and Maintenance of the City 
of Portland. Savage’s retirement 
marked completion of 30 years in the 
city’s service, during which he de- 
signed, installed and operated one of 
the country’s pioneer Inspection Sta- 
tions—an operation which drew wide- 
spread automotive interest. Since 
1928, he has been active in SAE. He 
served a two-year term as a councilor, 
seven years on the T & M Activity 
Committee, three terms as chairman 
of the Oregon Section, and authored 
several technical papers. 

(On p. 78 in October SAE Journal, 
we stated incorrectly that J. Verne 
Savage was fermerly superintendent 
of Transportation and Maintenance of 
the City of Seattle and that he had 
served three terms as chairman of the 
Seattle Section.) 





JOSEPH SELIBER is now a product 
tester for the International Harvester 
Co. in their Tractor Works, Chicago. 


RICHARD K. KOEGLER has be- 
come flight research project coordina- 
tor for the Cornell Aeronautical Labo- 
ratory in Buffalo, N. Y. Prior to this 
post he was project engineer on heli- 
copters at Bell Aircraft Corp., Niagara 
Falls, N. Y. 


HERBERT C. NOLL has been ap- 
pointed service manager and shop fore- 
man at H-R Truck & Equipment Co. in 
Los Angeles. 


RUSSELL M. LIPES, JR., who had 
been patent engineer for Pratt & Whit- 
ney Aircraft Corp., East Hartford, 
Conn., is now junior patent solicitor at 
United Aircraft Corp., same city. 


K. THEODORE KORN recently or- 
ganized a partnership under the firm 
name of Brown & Korn, in Cleveland, 
Ohio. The firm is engaged in indus- 
trial consulting work. He was previ- 
ously employed as head of the Admin- 
istrative Engineering Department at 
the Electroline Mfg. Co., Cleveland, 
and still retains this position. 


ROY E. EDWARDS, who had been 
research and development engineer fo! 
the Halliburton Oil Well Cementing 
Co. in Duncan, Okla., was recently ap- 
pointed design engineer, Pump Divi- 
sion at Gardner-Denver Co., Quincy, 
Til. He is a past secretary and treas- 
urer of the SAE Mid-Continent Sec- 
tion. 


CHARLES H. DOLAN, II, is now ai- 
filiated with the Charles Fischer Sprin 
Co. in Brooklyn, N. Y. 
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ILLIAM B. STOUT, past-president 
of SAE and well-known engineer, has 
be made a vice-president of the 
Automobile Enthusiasts of America. 
his is a new hobbyists organization 
for those whose principal interest and 
topic of discussion is the automobile. 


SOBERT V. WAGNER was recently 
named senior designer and layout man 
at Le Roi Co., Greenwich, Ohio. He 
had been layout draftsman for this 
company in Milwaukee, Wis. 


a 


rHEODORE KATSANIS, recently 
craduated from Parks College of Aero- 
nautical Technology, East St. Louis, 
Ill., is a junior engineer for the Boeing 
Airplane Co. in Seattle, Wash. 


RAY MOBLEY has become half 
owner and manager engineer of the 
Mobley-Jordan Co. in Portland, Oreg. 
Previously he was zone parts manager 
for Wentworth & Irwin Inc., same city. 
He was. secretary of the SAE Oregon 
Section in 1946-47. 


GEORGE P. BRESCOLL is now con- 
nected with Willys-Overland Motors, 
Inc., Toledo, Ohio, as senior engincering 
checker. He had been affiliated with 
Packard Motor Car Co., same city. 


JOHN H. MacNEILL was recently 
made a senior engineer with the Gov- 
ernment Products Division of the Ray- 
theon Mfg. Co. in Waltham, Mass. He 
had been design engineer with Fair- 
child Engine & Airplane Corp., Oak 
Ridge, “Tenn. 


CLYDE W. SISSMAN, JR., no longer 
connected with Cummins Intermoun- 
tain Diesel Sales Co. in Salt Lake City, 
Utah, recently became heavy duty 
diesel and gas engine mechanic for the 
Western Oil Tool & Mfg. Co. in Casper, 
Wyo. In 1946-47 he was field editor 
for the SAE Salt Lake City Group. 


EARLE COX has become research 
professor in agricultural engineering at 
the University of Massachusetts, Am- 
herst, Mass., after being a designer at 
Allis-Chalmers Mfg. Co., West Allis, 
Wis. 


CARL VOORHIES is now a consult- 
ing engineer at 1004 Brookwood in 
Birmingham, Mich. Since 1932 he had 
been with the Eaton Mfg. Co. in Detroit. 


GLENN MAYNARD DOUGLASS was 
ecently appointed production engineer 
it the General Electric Co. in Lynn, 
lass. Prior to this he was detail 
raftsman for Pratt & Whitney Air- 
raft, East Hartford, Conn. 


WILLIAM C. REIMANN, now a spe- 
ialist on wheel alignment for Berkeley 
Motors, Berkeley, Calif., had been a 
artner in the Berkeley Automotive 
ervice. 
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DR. LESTER M. GOLDSMITH, chief engineer of the Atlantic Refining Co. re- 
ceived the President's Certificate of Merit from Adm. ]. L. Kauffman, Com- 
mandant of the Fourth Naval District, for outstanding services performed during 
the war. The ceremony was held on Oct. 14 at the Franklin Institute in Phila- 
delphia. He received this award in recognition of his outstanding services as a 
member of the Transportation Division of the National Defense Research 
Committee, Office of Scientific Research and Development. 








THOMAS B. FRAME is setting up a 
business under his own name at Room 
101 A, 2100 Park Street, Syracuse, N. Y. 
He will handle small precision mechan- 
ical repairs. 


CHRIS J. FREY is now designer with 


Control Instrument Co., Inc. in Brook- 
lyn, N. Y. He had been chief produc- 
tion engineer in the Loom Division of 
the M. W. Kellogg Co., Jersey City, N. J. 





OBITUARIES 





FRANCIS E. O’CONNOR 


On Sept. 27 Francis E. O’Connor 
passed away very suddenly. 

He was director of quality control for 
the Menasco Mfg. Co. in Burbank, 
Calif. O’Connor was a veteran of 
World War I and was a captain in the 
U. S. Army Air Corps, before resigning 
to take up his work in civilian life. 

He had been a member of the SAE 
since 1926. 


ORVILLE L. ADAMS 


Lt.-Comdr. Orville L. Adams died on 
August 18, very suddenly, in Quonset- 
point, R. I. 

A veteran of World War I, Adams 
was called into service during the last 
war, and spent two years in Kodiak, 
Alaska, at a submarine base. At the 


time of his death he was on a two-week 
tour at the U. S. Air Base in Quonset- 
point. 

Adams was considered an authority 


on diesel engineering and had written 
four books on the subject. 

Since his discharge from the Navy, 
he had been connected with Prentice- 
Hall, Inc., New York City. 


H. ALBERT HANSEN 


H. Albert Hansen died suddenly on 
Oct. 17 while he was playing golf and 
collapsed on the eleventh green. 

Hansen spent an active lifetime in 
the automotive and marine fields. He 
joined the Stromberg Motor Devices 
organization in 1913 and continued 
with them until after they became part 
of the Bendix Aviation Corp. He de- 
voted many years to the marine carbu- 
retor activities of the Stromberg Di- 
vision and in 1936 went to the Zenith 
Carburetor Division of Bendix at De- 
troit. He headed the marine carbu- 
retor activities, together with filter 
sales, for that division until his recent 
appointment as sales manager of the 
Skinner Purifiers Division of Bendix. 










































































Canadian—Dec, 6 


Ballroom, Royal York Hotel, To- 
ronto; time of dinner to be announced. 
Joint meeting of SAE Canadian Sec- 
tion, and National Standards Associa- 
tion. Speaker: W. L. Batt, president, 


SKF Industries. Topic to be an- 
nounced. Hosts: Prest-O-Lite and 
Auto-Lite for SAE and Steel Co. of 
Canada for N.S.A. 


Cleveland—Dec. 13 


Cleveland Club; dinner 6:30 p.m. 
Progress Report on the Dual Fuel Sys- 
tem—W. M. Holaday, Socony-Vacuum 
Oil Co., Inc. Fleet Applications of 
Anti-Detonant Injections—C. H. Van 
Hartesveldt, Thompson Toledo Vita- 
meter Corp. Use of Anti-Detonant In- 
jection in a High Compression Ratio 
Engine—R. I. Potter, Standard Oil Co. 
Speaker-sponsor: Robert Cass, past- 
chairman, SAE Cleveland Section. 


Colorado Group—Dec. 7 

Buckley Air Field. SAE Colorado 
Group to be guests of Col. J. C. Moffatt. 
Inspection tour of the equipment and 
facilities of the 86th Fighter Wing of 
the Colorado Air National Guard. 
Various aircraft as weil as training and 
maintenance aids will be available for 
inspection. 


Dayton—Dec. 14 


Miami Hotel; dinner 6:30 p.m. Nu- 
clear Energy Propulsion of Aircraft— 


ANNUAL MEETING and 
Engineering Display 


PASSENGER CAR, BODY, and PRODUCTION 


TRANSPORTATION 


AERONAUTIC and AIR TRANSPORT 
and AIRCRAFT Engineering Display 


SUMMER 


WEST COAST 


man: Com. Paul Burr. 


St. Louis—Dec. 14 and Jan. 4 


Dec. 14—Garavelli’s, Inc., St. Louis, 
Mo.; dinner 7:00 p.m. Revolutionary 
Developments in Wheeled Military 
Vehicles-—Col. Joseph M. Colby, U. s. 
Army, Detroit Arsenal. Cocktail half- 
hour 6: 30 p.m. 

Jan. 4—Garavelli’s, Inc., St. Louis, 
Mo.; dinner 7:00 p.m. Fleet Mainten- 
ance—Adam Ehbinger and Associates, 
Public Service Co. Cocktail half-hour 





Atomic Power for Aircraft Propulsion 
—Richard E. Adams, Fairchild Engine 
and Airplane Corp. Technical Chair- 








David Poole, NEPA Project, Fairchild 
Engine and Airplane Corp. 


Detroit—Dec. 9 and Dec. 13 


Dec. 9—Field trip to the Ford Rouge 
Plant; 1: 30 p.m. 

Dec. 13—Large Auditorium, Rack- 
ham Educational Memorial Building. 
Meeting 7:30 p.m. Subject: Materials 
Handling (Panel Discussion). Speak- 
ers: C. E. Johnson, assistant general 
production manager, Kaiser-Frazer 
Corp.; H. P. Henderson, assistant to 
general manufacturing manager, New 
Departure Division, GMC; I. J. Haus, 
plant engineer, Nash-Kelvinator Corp. 
Social hour will follow meeting. 


Metropolitan—Dec. 16 


Pennsylvania Hotel. Meeting 7: 45 
p.m. Frozen Mercury Method of Preci- 
sion Casting—Everard F. Kohl, director 
of research, Mercast Corp. Demon- 
stration of freezing and investment. 
Display of cast parts. 


Northern California—Dec. 20 


Engineers Club, San _ Francisco, 
Calif.; dinner 6:30 p.m. Aviation 


meeting. Speaker and subject to be 
announced. 


Philadelphia—Dec. 8 


Engineers Club, 1317 Spruce St.; din- 
ner 6:30 p.m. Meeting 7:45 p.m. 


—NATIONAL MEETINGS @ 1949— 
MEETING 





DATE 
Jan. 10-14 





March 8-10 
March 28-30 
April 11-13 


June 5-10 


Aug. 15-17 









6:30 p.m. 


Southern California—Dec., 9 


Rodger Young Auditorium, Los Ange- 
les; dinner 6:30 p.m. Meeting 8: 00 
p.m. Airforce Research and Develop- 
ment Program—Major-Gen. Laurence 
C. Craigie. 


Southern New England—Dec. 9 


Bond Hotel, Hartford, Conn.; dinner 
6:45 p.m. Meeting 8:00 p.m. Exterior 
Ballistics Research—R. H. Kent, Aber- 
deen Proving Ground. 


Spokane-Intermountain—Dec. 10 


Spokane Hotel; dinner 7:15 p.m. 
Speakers: Students from Washington 
State College Student Branch. Topic 
to be announced. 


Washington—Dec. 14 


Broadmoor Hotel; dinner 6: 30 p.m. 
Meeting 8:00 p.m. Electric Dynamom- 
eter—Roy S. Godby, sales manager, 
Electric Products Co., Cleveland. Slide 


films and portable dynamometer to be 
exhibited. 


Williamsport Group—Dec. 6 


Anglers Club, Williamsport, Pa.; 
dinner 6: 45 p.m. Movies furnished by 
Firestone Tire & Rubber Co. Crucible 
of Speed (history of the Indianapolis 
races from 1911-1946), and The Build- 
ing of a Tire. 





HOTEL 
Book-Cadillac, Detroit 


Book-Cadillac, Detroit 
Statler, Cleveland 
New Yorker, New York 


French Lick Springs, 
French Lick, Ind. 


Multnomah, Portland, 
Oreg. 
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Aero Engine Outlook 
Given by CAA Expert 


—H. W 


EPLER, Field Editor 


WILLIAMSPORT Group, Nov. 1—Ad- 
vances in aircraft engine. design, ac- 
cording to Ralph White, head of the 
Engine Section, CAA, can be con- 
sidered under: 
e@-Increase 
weight, 

@ Better fuel economy, 

@ Reduction in frontal area for a 
given power output, and 

@ Increase in reliability and working 
life. 

So much has been done on the first 
point that engineers do not think much 
more is possible in that direction, and 
development is heading toward the 
other three considerations and to de- 
tails of powerplant installation. 

Reliability is now paramount in the 
minds of most engineers, the speaker 
Said. 

Because sO many designers have 
catered to the fundamental require- 
ments of aircraft powerplants, refine- 
ment of design over the years has been 
greater than in any other type of 
prime mover, he said. 

Although the turbojet and turboprop 
may be just around the corner,. the 
internal combustion engine is the only 
powerplant which has met all the 
exacting demands of civil aviation. 

A competing powerplant must have 
reliability, durability, compactness, low 
weight to hp ratio, high specific. out- 
put, reasonable cost, high thermal ef- 
ficiency, free from vibration, ease of 
naintenance, and operating flexibility. 

Reliability is first, because practically 
ll the others are closely associated 
vith this requirement to some extent, 
the speaker said. Manufacturers are 


in output per unit of 
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well on the way to producing engines 
which can be operated at a best cruis- 
ing specific of 0.35 lb/bhp/hr as far 
as thermal efficiency is concerned. 

By 1950, the speaker believed, the 
turbojet or turboprop may appear as 
airline and personal plane powerplants, 
and may be a serious competitor to 
reciprocal engines in 1955 or 1957. 

He estimated that a 8000-hp turbo- 
prop would require from 12 to 15 
years of peacetime development, and a 
turbojet of the same size might take 
about half that time. Under emer- 
gency pressures the lengths of time 
would be materially decreased. 

The speaker sees no possibility of 
the diesel engine in aircraft, and cited 
the experience of the Germans in this 
field during World War II. Excessive 
weight and exorbitant maintenance 
costs are two factors in this assump- 
tion. 


Outlines Problems 
of Truck Designers 


—G. E. CHESS, Field Editor 


NORTHERN CALIFORNIA Section, 
Sept. 13—Fresno Division heard E. S. 
Ross, Chief Engineer of Peterbuilt Mo- 
tors Co., outline the three chief prob- 
lems now confronting designers in the 
truck field: 

1. The truck must be designed to 
carry its maximum load for hundreds 
of thousands of miles, conforming in 
physical size and weight distribution on 
the roadbed to state laws in every state 
in which it will operate. 

2, The unit must be designed for 
ease of maintenance and servicing so 
that it will. have the minimum of 
“down” time... Components needing at- 


77 


; ad 
it 
ie 3 4 
oe § x 
; 
i 
: 


tention must be as accessible as pos- 
sible. 

3. The truck cab must give maxi- 
mum driver comfort and visibility. 

Truck engineers, Ross said, are doing 
their best on all three problems, al- 
though they can’t satisfy every custo- 
mer completely. 

In answer to questions on the use of 
light metal in trucks, Ross revealed 
that one truck has a complete cab of 
aluminum, other trucks and trailers 
use aluminum bodies, and Greyhound 
is trying out a forged wheel assembly 
for dual wheels, which saves up to 350 
lb in the 11:00 x 22 in. size. 


Oil in Dynaflow 
Like Flywheel Rim 


a 


PHILADELPHIA Section, Oct. 13— 
Oliver K. Kelley, Engineer in Charge 
of Transmission Development at Gen- 
eral Motors Corp., presented his paper, 
“The Polyphase Torque Converter,” 
explaining the Buick Dynafiow in 
terms of a spinning flywheel rim. 

The Buick Dynafiow transmission, 
according to Kelley, is the first com- 
mercial passenger car application of a 
polyphase hydraulic torque converter. 
In his explanation of how it works, 
Kelley compared the oil pumped by 
the torque converter with the rim of a 
spinning flywheel, where energy is 
stored up and a force is exerted against 
any mechanism tending to halt its ro- 
tation. Reminding listeners that if 
two flywheels of the same weight but 
different mean diameters are running 
at the same speed, the larger will have 
more energy stored than the smaller, 
Kelley said that if the larger flywheel 

















could be efficiently extruded down to 
the diameter and proportions of the 
smaller one, while still in motion, the 
energy difference of the two wheels 
would be liberated. 

The pump (input member) and the 
turbine (output member) are housed 
in a doughnut-shaped structure, one 
half being the pump and the other the 
turbine. As the pump is rotated, the 
oil can be considered as a spinning 
flywheel rim which is directed into the 
vanes of the turbine. The turbine 
acts aS an extrusion die, squeezing the 
oil down into a smaller-diameter fly- 
wheel of heavier rim construction, 
Kelley said. This smaller liquid fly- 
wheel is rotating at the same speed as 
the input flywheel but has given up 
part of the energy of the input fly- 
wheel. This energy is used to drive 
the car in the conventional fluid fly- 
wheel. 

By changing the design of the vanes 
in the turbine, the exit oil can be di- 
verted so that it is spinning backwards. 
This design multiplies the input torque, 
causing the force acting on the tur- 
bine to be much greater. Neither of 
these simple systems has the flexibility 
necessary for an automatic transmis- 
sion, Kelley said. 

He explained that by means of 
stators located in the oil return path 
to the pump, the reverse-flowinz oil 
is made to enter the pump in the cor- 
rect direction. Fo. any given speed 
ratio, the angle of the vanes on the 
stator is definitely determinable. In 
order to permit efficient operation over 
a wide speed ratio, the stator is made 
in two parts, each mounted on free- 
wheeling rollers. At higher car speeds 
these stators progressively unlock and 
begin to rotate with the stream of oil, 
ultimately permitting operation as a 
simple fluid flywheel. 

The two stators would in themselves 
cause the Dynafliow transmission to op- 








erate in three stages. A fourth stage 
is provided by a freewheel mounted 
portion of the pump, which floats with 
the oil at low car speed and becomes 
part of the pump at normal cruising 
speeds. 

The efficiency of the Buick Dynaflow 
transmission reaches 90% at full throt- 
tle at about 38 mph, Kelley continued. 
At road load, an efficiency of 90% is 
reached at about 10 mph, and actual 
road tests show lost engine revolutions 
at cruising to be no more than 1.5%. 


Turbines Discussed 
for Motor Vehicles 


—MURRAY FAHNESTOCK, Field Editor 


PITTSBURGH Section, Oct. 26—Gas 
turbine powerplants may be suitable 
for use in motor vehicles, but so far 
their use has been delayed by gearing 
difficulties, scaling problems, cost of 
blading, and lack of regenerators. That 
was E. B. Kerekes’ answer to the $64 
question, “Is the gas turbine power- 
plant suitable for automobiles?” 

Kerekes, manager of Gas Turbine 
Production of the Elliot Co., explained 
that to stay within allowable weight 
and size limits for truck and bus en- 
gines, a 150-hp gas turbine powerplant 
should operate at between 30,000 and 
60,000 rpm. 

It is a major task to design gears 
and bearings for such speeds, he said. 
One consolation he added is that since 
an automobile operates at full power 
only about 1% of its lifetime, the gas 
turbine powerplant for motor vehicles 
lends itself readily to use of fluid 
couplings and torque converters. 

It would be easy to design motor 
vehicle gas turbines by scaling down 
successful larger units, but clearances 
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reduced proportionately would ca! 


for 
extremely tight manufacturing toler. 
ances. 

At present, gas turbine powerplants 
cannot compete pricewise with convyen- 


tional engines. But efficient mass pro- 
duction of turbine blades and cheaper 
high-temperature alloy steels will help. 

Although the gas turbine burns 
cheap fuel, dollars-and-cents fue] 
economy is not correspondingly good 
because fuel consumption is high. A 
regenerator can do more to improve 
fuel economy than any other factor. 
Unfortunately, production of small, ef- 
ficient, lightweight regenerators has 
not been achieved yet, Kerekes said 

Technical Chairman Charles w. 
Butler recalled that while reciprocating 
motion was good enough for early slow- 
moving steam engines, rotary-motion 
was used for later higher speed steam 
turbines. Drawing the parallel for 
combustion engines, he suggested that 
while reciprocating motion was suit- 
able for slow- and medium-speed en- 
gines, rotary motion may be more suit- 
able for really high-speed use. 


Pigott Addresses 
Northern California 


—F. G. WILDHAGEN, Field f 


NORTHERN CALIFORNIA Section, 
Oct. 13—SAE President, R. J. S. Pigott 
reported that surveys of petroleum re- 
serves made by the petroleum indus- 
tries and geologists are much more 
optimistic than government surveys, 
but he urged further research on con- 
serving fuel by reducing engine fuel 
consumption. 

Present United States reserves are 
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CCNY Student Branch poses for 

picture during visit to Ford plant 

at Edgewater, N. }. on Columbus 
Day 


On his tour of West Coast Sections 
and Groups, SAE President R. J. S. 
Pigott received a Hudson Bay blanket 
from British Columbia Group. Chair- 
man Harold Puxon presented the gift 
at the meeting on October 21, during 
which Pigott spoke on “Developments 
in Fuels, Lubricants, and Lubrication” 


Seated beside SAE President 
R. J. S. Pigott at Northwest 
Section’s dinner in Seattle was 
Paul Pigott, president of Pacific 
Car & Foundry Co., of which 
Kenworth Motor Truck Corp. is 
a subsidiary. The two Pigotts 
are not related 




































































estimated by the government to last 
from 10 to 12% years, determined by 
dividing proved reserves by present an- 
nual consumption. 

Other authorities estimate proved re- 
serves plus unproved reserves, plus 
deepening present wells, allowance for 
reworking old fields, and unknown 
quantities from shale formation may 
extend values of reserve to better than 
100 years maximum and 50 years 
minimum, Pigott said. The most pes- 
simistic views estimate reserves will 
last 40-50 years maximum and 20-25 
years minimum. 

Introduction of more modern engines 
will reduce fuel consumption, Pigott 
pointed out. These engines may have 
higher compression ratios—possibly 7.5 
to 1 for fuels with 85-90 octane rating 
and better cooling. Also possible is 
the introduction of turbosuperchargers. 

Pigott said that introduction of 
turbosuperchargers to reduce engine 
size and increase engine power will cost 
the consumer much less than changing 
refineries over to production of 100- 
octane fuel for use in present engines. 

The combination of higher compres- 
sion ratios, superchargers, and better 
cooling would produce considerably 
higher powered engines with very little, 
if any, additional ring and bearing 
pressures. 

The combination might effect a 20- 
40% fuel economy. If 100-octane fuel 
could be produced economically, this 
saving in fuel might be raised to 70%. 

Water-alcohol injection and lighter 
vehicles might save more fuel. 

In honor of the visit of President 
Pigott and Secretary and General 
Manager John A. C. Warner, 20 former 
chairmen were _ present. Former 
Chairman Howard Baxter presented to 
1947-1948 Chairman Wayne Goodale 
a certificate of appreciation and a com- 
plement to his scientific duck-hunting 
equipment—a double-barrel shotgun 
with barrels curved in two directions. 


St. Louis Section Tours 
Electric Power Plant 


—A. D. TRAGER, Field Editor 


ST. LOUIS Section, Oct. 12—The 
Union Electric Power Co. of Missouri 
was host to the section and a group 
of prospective SAE enrolled students 
from Parks College of Aeronautical 
Technology on a tour through the com- 
pany’s Venice, Ill. plant. — 

Complete production of electrical 
power, from the unloading of the coal 
cars to the final handling of elec- 
tricity was shown. Union Electric Co. 
supplies all the power for metropolitan 
St. Louis and its surrounding areas 
through several powerplants located 
nearby. The Venice plant is the most 
modern of the seven installations. 








ARNOLD 
. . . . of Colorado 


Dick Arnold is a hard worker who 
has built his life around his business. 
He has followed automotive engineering 
for thirty years, working for Buick, St. 
Louis Spring Co., and United Motor 
Service. Now his ambition to be his 
own boss has been fulfilled—he is a 
partner in the Alignment Service Co. in 
Denver. 

In spite of working hard, Dick finds 
time to whip a fly into the Colorado 
streams in search of the ever-elusive 
trout, although his success does not 
always match his enthusiasm. Fall 
finds Dick tramping the fields for 
pheasant. The remainder of his out- 
door activity centers around his moun- 
tain cabin. Dick and his wife often 
enjoy the relaxation of a square dance. 

Until two years ago, Dick was one of 
the many SAE members who attend 
meetings, but have no voice in running 
the group. Fortunately for SAE, he 
was invited last year to serve as Secre- 
tary. His efficient work earneéc. ‘1im the 
Chairmanship this year. 

—D. H. Lamb, Field Editor 


McLAUGHLIN 


.... of Hawaii 


John C. McLaughlin is an authority 
on spare parts supply. He manages 
one of the largest government-owned 
replacement-parts distribution systems 
in the world. As manager of the Parts 
Department, Yards and Docks Supply 
Depot, Naval Supply Center, Pearl 
Harbor, he is responsible for the pro- 
curement, stocking, and distribution of 
some 90,000 items of replacement parts 
for automotive, construction, materials 
handling, and general utilities equip- 
ment to naval activities in the Pacific 
Ocean areas. 

Mac started out to become a mining 
engineer when he attended South 
Dakota State School of Mines at Rapid 
City, So. Dak. in 1934-1936. An op- 
portunity to enter the Ford Motor Co. 
as a student engineer at Dearborn 
brought him East in 1936. While work- 
ing in the Engineering Department of 
Ford Motor Co., he attended night 
school at the Detroit Institute of Tech- 
nology and the University of Detroit. 
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McLAUGHLIN 


ARNOLD 


In 1941 when the U. S. Navy began 
building up its defenses in the Pacific, 
Mac joined the engineering staff of 
Contractors, Pacific Naval Air Bases, 
who were awarded the two billion dollar 
construction contract, as an equipment 
engineer and came to the Hawaiian 
Islands. When the war struck the 
Pacific in December of 1941, the U. S. 
Naval Construction Battalion (Sea- 
bees) was organized to take over the 
work. During the war, Mac was at- 
tached to the Seabees as a civilian 
project engineer and had a big part 
in organizing and managing the parts 
distribution system in the Pacific. 
After the war, the Navy asked him to 
remain as manager of the base depot 
at Pearl Harbor. He is a holder of the 
U. S. Navy’s meritorious Civilian Serv- 
ice Award as a result of his wartime 
service. 

Mac was a charter member of the 
Hawaii Section when it was organized 
in 1945, and in 1946 he established the 
Section’s magazine, the “Bulletin”, 
and became its first editor. He served 
as publications chairman and editor in 
1946-1947, and as Section secretary in 
1947-1948. 

Off the job he spends most of his 
time with his wife and a three-year- 
old daughter. Odaitside activities, other 
than SAE and amateur color pho- 
tography, consume very little of his 
time since Mac claims his biggest hobby 
is his job. He believes if the tech- 
nology of distribution could approach 
the degree of development the tech- 
nology of manufacturing has attained, 
we could enjoy an even higher stand- 
ard of living through reduced costs of 
consumer goods. 

—Rene Guillou, Field Editor 
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SINCLAIR 
..« « of Southern California 


Fortunate it was for SAE that World 
War I interrupted Jim’s law studies 
and turned him to the field of auto- 
motive transportation. Recognition of 
his wealth of practical knowledge 
gained by roustabouting and work in 
all phases of Mid-Continent oil field 
transport brought him to California in 
1924 to fill important automotive ex- 
ecutive positions. During the second 
World War, no important ODT meet- 
ing was complete without Jim, and day 
and night committee work for the war 
effort took a large portion of his time. 

As manager of Union Oil’s Auto- 
motive Department, Jim is called on 
to advise such organizations as the 
Central Committee on Automotive 
Transportation of the American Pe- 
troleum Institute, of which committee 
he is chairman; the National Council 
of Private Motor Truck Owners, of 
which he is a director; and several 
other regional and local organizations 
interested in the welfare and promo- 
tion of automotive transport. 

He golfs in the eighties, and with a 
little more time for practice it is said 
that Ben Hogan would have to make 
room for our Jim on his pedestal 
of golfing fame. Naturally, having 
handled a mashie for so long, Jim is a 

ardener and helps his wife grow 
varieties of unusual blossoms. His 
equestrian abilities are highly regarded 
too, 


—R. V. Lindberg, Field Editor 


Experts Describe 
Railroad Diesels 


—L. D. WATKINS, Field Editor 


MILWAUKEE Section, Oct. 8—Some 
of the details of the Fairbanks-Morse 
Model 38 opposed-piston locomotive 
diesel that have paid off in low first 
cost, low maintenance costs, long life, 
and superior performance were de- 
scribed by J. H. Davids, design engin- 
eer, and R. Aldag, manager of loco- 
motive sales, Fairbanks, Morse & Co. 

They explained how the piston car- 
ries its pin in a separate insert fastened 
to the piston with four studs. The 
crankshafts are connected through a 
vertical resilient drive. For the sake 
of compactness, the blower is mounted 
on the upper crankshaft, above the 
generator. 

The upper crankshaft lags 12 deg 
behind the lower to facilitate scaveng- 
ing and port timing. A timing chain 
is employed, on which two idler pulleys 
may be shifted differentially for chang- 
ing the timing or reversing the engine. 

Davids pointed out that on reversal, 
there is a considerable drop in power 
due to the timing error produced by 
maintaining the crankshafts in the 
same relative angular positions. He 
said, however, that the power drop is 
not important on most applications. 
When the engine is reversed, valves in 
the blower reverse airflow. 

The upper connecting rod is shorter 
than the lower, making it possible to 
remove the upper assembly through the 
lower crankcase. The cylinder sleeve 
with its water jacket hangs from its 
upper end. Light fastenings are suf- 
ficient because of the approximate bal- 
ance of drag between the two pistons. 


Details Described 


Other design details were brought 
out during the question-and-answer 
period: The Model 38employs a pendu- 
lum-type torsional-vibration damper. 
In multiengine applications, engines 
are synchronized by means of horse- 
power-output control. Accessories ab- 
sorb 75% of the output of the upper 
crankshaft. Special d-c motor wind- 
ings are provided in the generator for 
starting. 

Aldag showed slides comparing sev- 
eral types of 6-, 8-, and 10-cyl diesel 
locomotives with steam locomotives. 
Performance curves showed the ad- 
vantage of the diesel over the conven- 
tional steam engine at low speeds. 
After discussing first cost, main- 
tenance, and life, he said that results 
of tests on new types of steam engines 
had not alarmed proponents of diesel 
railroad power. 

Answers to questions from the floor 
disclosed that first cost and main- 
tenance costs are considerably lower 
for diesel locomotives than for steam, 
while life expectancy is the same. 


01 


Aldag indicated that the three units 
now used on large passenger trains 
produce more power than any steam 
locomotive. Low utilization, he said, 
has delayed application of the diesel 
to local service. 


Air Brake Designs 
Show Big Advance 


—E. L. KORB, Field Editor 


PHILADELPHIA Section, Nov. 10— 
Present and prospective improvements 
in air brake design with sharp reduc- 
tions in application and release time, 
reduced unit weight, improved com- 
pressor piston rings, and a brake 
chamber, the Rotochamber, provide 
uniform output force throughout the 
entire: braking stroke, according to 
Stephen Johnson, Jr., chief engineer 
of the Bendix Westinghouse Automo- 
tive Air Brake Co. 

Most of today’s heavy-duty braking 
troubles, Johnson said, are due to in- 
adequate maintenance of the equip- 
ment. Brake performance should be 
analyzed and then the systems sub- 
jected to a weil planned and well exe- 
cuted periodic maintenance program. 
Steps the speaker outlined were: 

Cleaning, lubrication, proper lining, 
spring adjustment, and frequent drum 
turning. 

A new positive lock feature has been 
designed into slack adjusters. 

The latest relay emergency valve had 
about double the capacity of the earlier 
RE valve to handle larger volumes of 
air more quickly on application and 
release. 

How quick a vehicle can be stopped 
is not important, he said. The essen- 
tial factor is in how short a distance 
a vehicle can be stopped safely, he 
pointed out. 

A moving picture on air brakes was 
shown to illustrate some of the points 
made by the speaker. 


Alex Justifies 
Use of Helicopters 


SYRACUSE Section, Oct. 11—At the 
season’s first meeting, the section 


learned “Why Helicopters” from Ralph ° 


P. Alex of Sikorsky Aircraft Division. 

One of the more exciting new appli- 
cations Alex mentioned that justify the 
development of helicopters is data- 
gathering flights over volcanoes. He 
told of such flights carried on over the 
rim of an active volcano by the Army 
Air Force Volcanic Expedition to 
Mexico in 1945. 

Alex supplemented his talk with a 
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moving picture tracing the develop- 
ment of the helicopter at the Sikorsky 
plant from the original VS-300 flown 
by Igor Sikorsky in 1939 to the most 
modern high-performance S-52, which 
has just received its Type Certificate 
from the CAA, 


Economic Conditions 
Shape Truck Trends 


—W. F. FORD, Field Editor 


MID-CONTINENT Section, Oct. 12— 
Economics dictates changes in truck 
design, Merrill C. Horine told a joint 
session of the Section and the Uni- 
versity of Oklahoma Student Branch. 
The meeting, first of the Section’s 1948- 
1949 season, was held on the campus at 
Norman, Okla. 

Today’s economic conditions warrant 
the use of big trucks, and trends in 
engineering development are reflections 
of economic demands, Horine said. He 
added that there was little danger of 
trucks becoming too large because their 
very size would prevent effective 
utilization. 

Economics has demanded better per- 
formance, he continued. This has 


increased engine horsepower, for per- 
formance depends on available power. 
Increased power allows shorter hauling 
time and faster engine speeds, allow- 
ing the engine to operate more of the 
time within its economy range of speed. 
Greater power permits loads to be 
started with less clutch slippage. 
There are bounds of increasing engine 
power; these are the size of the driv- 
ing elements, the frame, the axles, and 
the brakes. 

Horine stated that presently 300 hp 
seems to be the limit for a highway 
vehicle, largely because of restrictive 
availability of engines of greater out- 
put. If, however, there is economic 
justification for greater output, engines 
would become available to meet the 
demand, he said. 

Except in well-managed fleets, the 
diesel engine’s only advantage, fuel 
economy, would not be realized be- 
cause of higher maintenance costs than 
those of the gasoline 2ngin¢e, according 
to Horine. 

In discussing brakes, he pointed out 
that the absorpticn of energy in de- 
scending grades is worthy of consider- 
able study, since engines have limita- 
tions as power absorbers. The hy- 
draulic-pump type and electric eddy- 
current types of retarders open a field 
for further development. 

The speaker preferred leaf springs 
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USE SO” RING SEALS 


(The modern packing method) 
for SIMPLICITY © RELIABILITY © LOW COSTS © SPACE SAVINGS 





“O” Ring Seals made possible this 
simple, straight through, quick dis- 
connect coupling by THE HANSEN 
MANUFACTURING COMPANY 
of Cleveland, Ohie. 

The end of the removable plug is 
tightly sealed by the “O” Ring when 
the plug and socket are in the locked 
position. Yet the plug can be removed 
and re-connected thousands of times 
without leakage. 

Think of how complicated, bulky 
and costly this coupling would have 
been had conventional packings been 
used. 

You, too, may have a problem that 
can easily be solved by using simple 
“O” Ring designs. For complete En- 
gineering Data write for our “O” 
RING HANDBOOK. 


PLASTIC ond RUBBER 


Gu «= Products, Inc. =a 
3110 Oakridge Drive, Dayton 7, Ohio 
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to coil springs or torsion bars, since 
the leaf spring is simplest and lightest 
and serves as its own positioner. 

Weight distribution is moving in 
opposite directions. He explained that 
loads carried by the front axle are 
being increased to attain the maximum 
gross weight allowable without increas. 
ing rear axle loading; and also, to take 
advantage of the bridge formula where 
maximum weight ‘depends on axle spac- 
ing, front axles are being moved for- 
ward, and the number of axles is being 
increased. 

In a lively 45-min discussion Horine 
stated that for truck construction, cast 
iron and steel are preferable to alumi- 
num and magnesium because of the 
considerably greater fatigue strain. 
He could not see the use of either the 
automatic transmission or torque con- 
vertor in their present forms because 
of their limitations in the number of 
gear ratios and torque multiplications. 

The speaker said there will be no 
place in the truck field for high-com- 
pression-ratio engines being developed 
for automobiles. 

He reiterated the prediction that 
future trucks would be left to the user, 
who will determine the trend of the 
changes as economics justify 

Before Horine’s talk, approximately 
95 members and guests had dinner in 
Woodruff Hall in the Student Union 
Building, at which time a scroll testi- 
fying appreciation of his efforts during 
the past year was presented to 1947- 
1948 Section Chairman B. I. Scoggin, 
by 1948-1949 Chairman G. W. Cupit, Jr. 


Petroleum Reserves 
Larger Than Thought 


—A. D. TRAGER, Field Editor 


ST. LOUIS Section, Nov. 4—Estimated 
petroleum reserves of the U. S. are be- 
tween the minimum of 20 to 25 years 
and a maximum of 40 to 50 years, 
according to SAE President R. J. S. 
Pigott, who pointed out that estimated 
reserves are about two and a half 
times the proved reserves. 

However, costs of exploration and 
drilling have mounted, and the speaker, 
chief engineer of Gulf Research & De- 
velopment Co., pointed out that today’s 
deep wells are costing around $400,000 
each whereas the shallow pools used to 
cost about $30,000 to tap. 

As a result of the increased cost some 
users will be forced to use some other 
form of heat and energy, he predicted 

Our coal reserves have been esti- 
mated as high as 1700 years, and these 
must be called upon as petroleum re- 
serves wane. Even the diesel railroad 
locomotives which now haul the cream, 
or high-rate, loads, will be forced to re- 
turn to coal and steam because of the 
economics of supply and demand, he 
warned. Railroads currently are using 
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about 8% of our petroleum, he esti- Lybe Additives Needed 
mated. 


A supplemental liquid fuel, processed For Sensitive Engines 
from wood or coal, can be used. This 
would require an extensive reforestra- 
tion program, long overdue. 

Stationary power generating plants METROPOLITAN Section, Oct. 21— 
may be forced to use some workable Detergents and corrosion inhibiting ad- 
permanent source of energy, such as ditives that improve the character- 
the sun, water, or wind power, he said. istics of one base stock oil may prove 

The automotive industry is meeting harmful when blended with another 
this challenge in its work on engines of type of base stock, according to Dr. 
the future. With higher compression Carl F.°Prutton, Cleveland, a leading 
ratios, fuel economies would be intro- consultant in this field. 
duced. But to turn to 100 octane Work done on this problem prior to 
number gasolines would reduce our World War II led to the compounding 
supply by almost one-half. of the 2-104B type which proved suc- 

He said future engines will have cessful with military vehicles powered 
turbosuperchargers and _ two-stage by both gasoline and diesel engines, 
blowers to use more efficiently higher #9d the heavy-duty lubricants have 
compression ratios with the present been continued in bus, tractor, and 
octane levels of commercially available heavy trucking operations since then. 
gasoline. The so-called premium grades of en- 

Dual fuel systems, : nd alcohol-water- gine oils are successfully used in auto- 
tetraethyl lead injection are long past Mobiles. 
the experimental stage, and their wide | Refiners went far in their work on 
introduction would go far to conserve dewaxing, solvent extraction, propane 
our gasoline supplies. deasphalting, and other treatments of 

Lubricating oil is not as flexible as engine lubricants during the 1920’s and 
the engine, and the burden of solving 30’s, but the advent of the copper-lead 
the severe lubrication and cooling bearings about 1937 required a corro- 
problems introduced by higher com- sion inhibitor to counteract the tend- 
pression ratios will rest heavily on en- ©ncy of those bearings to corrode, he 
gine deSigners. A great deal of ex- Said. ; 
perience has been amassed by diesel One of the more severe tasks im- 
engine experience, however. posed upon engine oils is the discon- 

He remarked that if someone would tinuous operation of bakery, milk, and 
perfect the gas turbine for automotive Other deliveries which require frequent 
vehicle powerplants, compression ra- Stops. Engine sludging, varnish de- 
tios and octane number problems could POSits, and other troubles appeared 
be immediately discarded. quickly, and additives were resorted to 

Feature of the meeting was the %° keep engines reasonably clean. 
honoring of six of the Section’s former _ Fuel plays an important role in this, 
officers introduced by Section Chair- he said, citing tests which showed that 
man Adolph Jeude. They: were J. A. clean fuel goes far to alleviate engine 
Gelzer, George Dorris, said to be the troubles. 
oldest living SAE member west of the Some petroleums have an excess of 
Mississippi, Arthur Heintze, George sulfur. This type of fuel tends to in- 
Davies, Al Storr, and Robert Slattery. crease cylinder and ring wear, and 

Hollister Moore, SAE Sections Man- form deposits. High cost of extraeting 

ager, said the Society’s Sections range the sulfur forces operators to use the 
in size from 40 to 2500 members, and ®4ditive types of lubricants, he pointed 
they average nine technical meetings °Ut- a ’ 
a year. These additive materials practically 
eliminate corrosive action due to acids 
in blowby gases formed in the combus- 
tion process. 

During the discussion, John T. Mc- 


Mohawk-Hudson Coy, research and development super- 
visor, Tide Water Associated Oil Co., 


ae * 99 
Gets Acquainted said that proper selection and prepara- 


—R. G. SHANKLIN, Field Editor tion of base stock is still the primary 
consideration in refining an engine 
MOHAWK-HUDSON Group, Oct. 20— lubricant. 
The first meeting of the current season The new Heavy-Duty types of lubri- 
was the occasion for the annual “get cant have not been used in most types 
acquainted” gathering of the Group, of aircraft engines, according to A. L. 
under the direction of Chairman R. H. Beall, Wright Aeronautical Corp. He 
Craig. Every member present had an said that a wet surface on all portions 
opportunity to tell the “who” and of the engine’s working surfaces is of 
“what” of himself. primary consideration. 

Following discussion of policies to be Research has disclosed that several 
pursued during the coming year, an times the generally thought one to two 
instructive sound film on “Water In- cu ft per min average crankcase blowby 
jection” as applied to Pratt and Whit- in engines is a fact, Past-President W. 
ney reciprocating engines was shown, S. James, vice-president of Fram Corp., 
together with other films related to the reported. 
automotive manufacturing industry. “We have experimented with heavy- 


—A. B. SAXMAN, Field Editor 
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DC 41 Silicone Grease 
Designed for Hot Spots 





In the wheel bearings of the tunnel kiln cars at 
Alamo Pottery of San’ Antonio, Texas, even 
the most heat resistant organic greases were 
considered unsafe. Alamo engineers could have 
reduced the hazard by expensive redesigning 
but they found that DC 41 Silicone Grease pro- 
vided a better and more economical solution. 





PHOTO COURTESY ALAMO POTTERY, INCORPORATED 


OC 41 Silicone Grease in the roller bearings of 
tunnel kiln cars eliminates a fire hazard and 
reduces maintenance costs. 


Vitreous china plumbing fixtures are baked by 
continéous process in a gas fired tunnel kiln. 
Alamo uses conventional sand seals to limit 
baking temperatures of 2300” F. to the central 
portion of the kiln. Even so, the kiln car wheel 
bearings are exposed to temperatures too 
high for organic greases. The best petroleum 
greases tested volatilized and presented a 
fire hazard. Bleeding was so extensive that it 
was necessary to relubricate the bearings 
every time a cart entered the oven, 


At the suggestion of our sales engineers, Alamo 
tested DC 41 Silicone Grease. They have 
been using this semi-inorganic silicone grease 
for several months with excellent results. It makes 
the fire hazard negligible and it cuts relubri- 
cation from a daily to a monthly schedule. 


Dow Corning Silicone Greases are being speci- 
fied more and more frequently to solve lubri- 
cation problems because they possess low 
volatility, excellent heat resistance and good 
lubricity. For more information call our nearest 
branch office or write for data sheet D1-D. 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 


Atlanta « Chicago « Cleveland « 
Los Angeles * New York 
In Canada: Fiberglas Canada, Lid., Toronto 


In England: Albright and Wilson, Lid., London 


Dallas 
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THEORY 
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Srcose does the most care- 
fully developed scientific the- 
ory provide the final answer 
in the shop; neither is practi- 
cal experience entirely de- 
pendable. It usually takes a 
combination of both in order 
to select and apply the cutting 
fluid that will give the best re- 
sults on a given machining job. 

D. A. Stuart Oil Company 
offers you a combination of 
theory and practical experi- 
ence that pays dividends in 
better machining and fewer 
production headaches. The 
theory emanates from research 
in the modern D. A. Stuart lab- 
oratories; practical approach 
comes from men who have 
years of experience in shop 
problems and techniques. That 
is why Stuart products so often 
smooth out jobs on which other 
cutting fluids fail. Ask your 
D. A. Stuart Oil Co. represent- 
ative to tackle your tough jobs. 


duty oils but have found we can keep 
the engines in our fleet clean by using 
clean gasolines and a good base oil,” 


to a minimum standard. 


|T. C. Smith, American Telephone & 
|Telegraph Co., said. He suggested that 
\refiners should compound premium oils 
} 


| 


Johnson Compares Types 
of Aircraft Powerplants 


—D. H. LAMB, Field Editor 


‘COLORADO Group, Oct. 12—‘“For 
|some time to come, we will see recipro- 
|jcating engines on long-range commer- 
cial airplanes. The military will 
probably realize the next phase of long- 
_|jrange operation using turbopropeller 


Bi |engines, and the jet will be used when- 


ever speed is the primary design fac- 
tor, such as in the interceptor-type 
plane.” 

This was the prediction of Robert E. 
Johnson, chief field engineer of vhe 
Wright Aeronautical Corp. Johnson’s 
talk was titled “Which Type of Air- 
craft Engine is Best?” 

The talk traced development of vari- 
ous types of engines in various coun- 
tries. “There are three philosophical 
factors in the choice of a particular 
type of engine on which to concentrate: 
geography, geology, and national 
thinking. These factors influenced 
the development of the liquid-cooled 
engine, and later the jet, in England 
and Italy; the diesel in Germany; and 
the aircooled engine for long-range 
transports and bombers in the United 
States,” Johnson said. 

He described physical and opera- 
tional differences between reciprocat- 
ing engines, turboprops, and jet en- 
igines. “The turbopropeller engine,” 
stated Johnson, “is a step toward the 
ljet engine. It provides greater speed 
|than the reciprocating engine, together 
| with better fuel economy than the jet.” 
| Summation of all the features of 
ithe various engines brought forth the 
lconclusion that “The best powerplant 
for an airplane depends upon the type 
of service to which it is to be put. 
Each type has its place in present-day 
aeronautical service.” 








} 
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ON-THE-JOB REPORTS NEPA Thermodynamicist 


PROVE RESULTS 


"...D. A. Stuart’s SOLVOL Water Mixed 
Cutting Compound was put in on a trial 
basis for milling high carbon alloy steel. 
High speed alloy cutters were used and 
it was found that SOLVOL increased the 
cutter life 3 to 4 times over what they had 
been getting. . . .”” Write, if you would 
like to have a booklet on SOLVOL. 






STUART od engineering goes , 
with every barrel 


pA. § 


tuart 








Dil co. 


* CHICAGO 23, ILLINOIS | 


Proposes Nuclear Rocket 


—J]. D. WAUGH, Field Editor 
|BALTIMORE Section, Oct. 14 — 
\Baltimore’s first meeting of the year, 
on Nuclear Energy for the Propulsion 
of Aireraft, was a sellout. Even stand- 
ing room was scarce when David M. 
'(Poole, head of the Thermodynamics 
Group at the Oak Ridge NEPA Project, 
ispoke to approximately 200 Baltimore 
engineers. 

Poole, representing Fairchild Engine 


84 





and Airplane Corp., outlined the limi- 
tations of a conventional aircraft like 
the B-36, with its 10,000-mile range. 
huge fuel load, and relatively slow 
speed; of the XS-1 rocket ship with 
very high speed and low range; and of 
the conventional jet, which is also 
compromised in range and speed due 
to fuel consumption rates. 


Posed against these types of power- 
plants, the constant weight and terrific 
concentration of fuel energy per unit 
of weight of a _ controlled-reaction 
atomic powerplant offers vast possibili- 
ties for high aircraft performance. 
This concentration of atomic power is 
such that one weight unit of atomic 
power is equal to 2,000,000 units of 
gasoline. 

Acknowledging that the atomic 
powerplant would be heavy, Poole 
pointed out that large aircraft today 
carry as high as 50 tons of fuel suc- 
cessfully and research holds open the 
possibility that the radiation shield for 
the protection of the crew will be ma- 
terially reduced in weight. 


The shield did not have to be made 
of concrete or similar dense material, 
and if a pilotless aircraft were con- 
sidered, no shielding at all would be 
necessary. 


In discussing the types of power- 
plants capable of utilizing the power 
of the controlled atomic pile, Poole 
pointed out that they would fall into 
several classes of well known heat en- 
gines. The first type considered was 
the closed-cycle turbine. 

This engine could be driven by steam 
generated in the nuclear reactor, the 
reactor replacing the usual steam 
boiler. The steam would expand 
through the turbine and drive a pro- 
peller. The steam would then be con- 
densed and pumped through the re- 
actor boiler. However, since this 
powerplant would require the use of 
both a propeller and an aircooled con- 
denser, features limiting speed, it is 
not presently practical for use. 


The turbojet, fitted with a reactor 
instead of its usual combustion cham- 
ber, offers yet another type of power. 
Air, compressed and forced through the 
reactor, is heated by convection and 
then expands through the _ turbine 
driving the compressor and is finally 
exhausted from the jet nozzle where it 
generates propulsive thrust. 


This type of powerplant is suitable 
for high-speed airplanes, but would en- 
tail mechanical and weight factors not 
present in two other possible power- 
plants. These are the ramjet and 
rocket. 

The ramjet is the simplest power- 
plant devisable. Air enters a diffuser 
at the front of the engine and is com- 
pressed by the forward speed of the 
airplane. It is then passed through 
the nuclear reactor where it is heated 
to a high temperature and provides 
thrust as it expands and exhausts from 
the exhaust nozzle. However, the ram- 
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jet requires very high flight speed to be 
really effective, as well as very high 
temperatures. Pressure drops caused 
by internal flow resistance of the re- 
actor would be considerable, affecting 
ecood heat transfer conditions. 

With present knowledge a nuclear 
rocket appears to offer the most defi- 
nite advantage because the maximum 
impulse, the pounds of thrust obtained 
from each pound of fuel used per 'sec- 
ond, results from a combination of the 
highest possible temperature and the 
lowest possible molecular weight of the 
fuel. Fuel would be pumped into the 
chamber surrounding the exhaust noz- 
zle, cooling it, then pass through the 
reactor where the fuel would be 
vaporized and thrust obtained in the 
expansion and high-velocity exit of 
the gas from the exhaust nozzle. 

Specific fuel consumption of a chem- 
ically fueled engine is of vital impor- 
tance, but a fuel with a heating value 
of 40 billion Btu per pound (like 
uranium), specific fuel consumption is 
virtually negligible. The propellant 
for a nuclear rocket could be liquid 
hydrogen and would make such a 
power unit independent of atmospheric 
air and thus able to operate outside 
the earth’s atmosphere. 

Poole visualized successful atomic 
aircraft as being able to circle the 
earth indefinitely, by way of explaining 
the ideal fuel consumption situation 
with the atomic pile. He also judged 
that such an aircraft would be able to 
attain and maintain supersonic speeds 
and, of course, to fly at any altitude. 

In conclusion, Poole cautioned that 
a great amount of work remained to be 
done in this entirely new field, but all 
members of the Project were optimistic 
and confident of full success. 


Explains Advantages 
of Monocoque Trailers 


—). B. TOMPKINS, Field Editor 


BRITISH COLUMBIA Group, Sept. 9 
—Trailer designers have taken a lesson 
from the hen, in monocoque construc- 
tion design outlined to this Group by 
Keith Tatlinger, chief engineer of 
Brown Industries, Inc. of Spokane. 

Although the eggshell is extremely 
light and thin, imposed loads are so 
well distributed into the structure that 
it is almost impossible to crush a hen’s 
egg longitudinally in the bare hand. 
The same principles of construction ap- 
plied to automotive trailers lead to 
strong, durable, lightweight trailers, 
Tatlinger said. 

Monocoque vans are in effect tre- 
mendous tubes with every inch carry- 
ing a small portion of the total load. 
The structure gives inherent torsional 
rigidity. Because loads are well dis- 
tributed, stresses are low, and alumi- 
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num and magnesium can be used. 

, These low-density materials can be 
used in fairly heavy gages to give good 
resistance to buckling at no weight 
penalty over steel. 

Another advantage reported by Tat- 
linger is the safety of monocoque trail- 
ers. He said that loads of sacked grain 
or flour in monocoque van trailers 
have survived accidents which wrecked 
the power unit without a break in a 
single sack. 


STUDENT NEWS . 


Fenn College 


Engineering graduates should apply 
the scientific approach in which they 
have been trained to solving their 
problems in a choice of a career, T. G. 
Protheroe, president of the Cleveland 
Technical Placement Bureau, told his 
audience. 

Job analysis is a technique of writing 
down aptitudes, interests, and specific 
training of each individual, from which 
he can make a telling presentation 
when applying for a job. 

“Human engineering is as important 
as mechanical engineering, and with- 
out understanding its importance many 
a man has led an aimless career in 
engineering,” he said. 

“You have learned the scientific ap- 
proach in solving engineering prob- 
lems, and should be in a position to 
adapt that method to analyzing your 
own abilities. The man that does that 
the best, and who states it most clearly, 
will advance far in engineering,” they 
were told. 

“Your career is your own responsi- 
bility. You should make your own de- 
cisions. Otherwise you will find your- 
self adrift.” 

Everyone should make some contri- 
bution to the community in which he 
lives, because a life devoted wholly to 
one’s personal advancement is in- 
evitably shallow, the speaker said. 

—R. L. Pappas, Field Editor 


University of Illinois 


The SAE Club on the Champaign- 
Urbana campus gained six new mem- 
bers at the September 29 meeting, 
bringing the total to 97. 

Prof. Robert C. Juvinall of the Uni- 
versity’s Mechanical Engineering De- 
partment outlined trends in automo- 
bile operating economy and factors in- 
fluencing performance. Central Illi- 
nois Section Chairman R. C. Williams, 
who attended the meeting, invited En- 
rolled Students to attend meetings of 
the Section and Caterpillar Tractor 
Company’s open house in December. 

Organized May 20, 1948 with 51 
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Insure Braking Safety 





The air brake has probably done more 
to increase the safety of trucks and 
buses than any other device. But an 
air brake is only as safe as the air line 
with which it is equipped ... that is 
why so many manufacturers have 
standardized on TITEFLEX tubing 
for their air brake lines. They know 
that because of its ALL-METAL con- 
struction, TITEFLEX flexible tubing 
will never rot or deteriorate and is 
practically a guarantee against air 
leaks. 


Because of its long life and durabil- 
ity, TITEFLEX tubing is also highly 
favored for oil lines and gas lines in 
all types of automotive vehicles. 
TITEFLEX lines pay for themselves 
many times over in reduced mainte- 
nance costs and increased safety. 
Write for literature describing tough, 
durable TITEFLEX All-Metal flexible 
automotive lines—today. 


Titeflex, Inc. 
512 Frelinghuysen Ave., Newark 5, N. J. 
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u-TOUGH CONSTRUCTION 





: often remarked that 
no piece of equipment can be 
superior to its component parts... 
You appreciate the broad rec- 
ognition and acceptance of BCA 
Ball Bearings in industry... 
You know you can tell your 
engineers to draw upon our half- 
century of experience in “riction 
control practices, encompassing 
many varied fields of industry... 
You, who insist upon continu- 
ous, full-capacity, trouble-free op- 
eration, know this can be assured 
by specifying BCA Ball Bearings. 


BEARINGS COMPANY OF AMERICA 
LANCASTER, PENNSYLVANIA 


RADIAL+ ANGULAR CONTACT ~ THRUST 

















members under the direction of Prof. 
William L. Hull and Richard Frank 
of the Central Illinois Section, the Club 
hopes to attain Student Branch status 
soon. 


Illinois Institute of Technology 


Norman C. Penfold, chairman of the 
Chicago Section Student Activity pre- 
sented the Student Branch charter to 
Illinois Tech today, making the former 
SAE Student Club a full-fledged Stu- 
dent Branch. 

H. J. Thomizer, of the mechanical 
engineering faculty of the Institute, ac- 
cepted the charter in behalf of the new 
Branch. 

An inspection tour of Borg-Warner 
Corp. was voted, and plans set in mo- 
tion to obtain speakers for the season’s 
meetings. 

Branch officers are Elmer Barstosek, 
chairman; Jerry Greenstein, vice- 
chairman, and Arthur Hoege, secre- 


tary-treasurer. 


Refrigerated Trucks 
Promise Big Profits 
—A. B. SAXMAN, Field Editor 


METROPOLITAN Section, Oct. 28—A 
large, profitable field for highway 
transportation and urban delivery is 
open to properly designed insulated 
and refrigerated trucks and trailers, 
experts in this field explained at the 
Transportation & Maintenance Panel 
Meeting here tonight. 

Speakers were Earl Biehl, formerly 
fleet operating engineer and now a 
consultant in this field, David E. 
Brown, Dairymen’s League, and Bur- 
rell S. Williams, of the E. A. Lundy 
Co., Inc. The latter concentrated the 
attention of the audience on refrigera- 
tion equipment, and the former on 
insulation. 

Refrigerating trucks and trailers is 
simple providing the vehicle has not 
been completely built without any con- 
sideration to insulation and the neces- 
sary mechanical equipment, the speak- 
ers and discussers agreed. 

First step in designing such equip- 
ment is to determine: 

@ Commodity or commodities to be 
hauled, 

@ Required temperature at which 
the shipment must be held, and 

@ Length of the average and longest 
strips, duration and frequency of stop- 
overs, and other factors of the opera- 
tion over route or routes. 

Little investigation will determine 
the type of insulation and thickness, 


| and space for the mechanical equip- 


ment. 

As things stand, several of the 
speakers and discussers said, the ques- 
tion of refrigeration is an afterthought. 
As a result, most of the “afterthought 
provisions” fail to do the job, either 
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because Of undersize or oversize of 
equipment, too complex plumbing, and 
lack of proper airflow through the load 
carried. 

Because of the versatility of the 
motor vehicle as compared with rail- 
roads the field is wide open for the 
trucking industry because, for example, 
the American housewife is completely 
sold on frozen foods. But inadequate 
refrigeration and insulation often 
causes loss of entire loads, it was 
pointed out. 

When a vehicle is properly designed 
to meet transportation requirements, 
a unit assembly of the refrigeration 
equipment can be designed to minimize 
the dangers of failure, which comes 
with loose plumbing joints, or failure 
of mechanical elements in the system. 

Recent developments in insulating 
material hold great promise, one of the 
speakers pointed out. The new 99% 
air and 1% synthetic rubber material 
has demonstrated its effectiveness 
when a two-inch section of this sponge 
rubber is bonded to an aluminum sheet 
inside and another outside. The out- 
side surface of the metal is painted 
white. The sandwich has high struc- 
tural strength. 

Insulating material which absorbs 
moisture, breeds bacteria, has a toxic 
reaction to foods, or fails structurally 
because of vibration, should be 
shunned. 

One of the discussers, W. R. Her- 
furth, paced the lively discussion 
period by suggesting boots, such as are 
used in aircraft de-icers, might help 
solve the defrosting problem. The 
speakers agreed that this idea should 
appeal to manufacturers of industrial 
and home refrigerators, as well as for 
transit equipment. 

Chairman of the Panel was Fred E. 
Carlsen, Hoffman Beverage Co., assist- 
ant to Section Vice-Chairman Harvey 
H. Earl, United Parcel Service Co. of 
New York. 


Public’s Needs Guide 


New Car Development 
—ROBERT LINDBERG, Field Editor 


SOUTHERN CALIFORNIA Section, 
Oct. 27—Automobiles are designed and 
built to fill the motorists’ needs, and 
net what they say they want, accord- 
ing to Harold T. Youngren, vice-presi- 
dent and director of engineering of 
Ford Motor Co., when 443 attended the 
first 1948-49 dinner meeting of this 
Section at the Rodger Young Audi- 
torium. 

“The history of motor car design is 
littered with the remains of ideas that 
at the time looked good, but which 
didn’t meet the needs of those days,” 
he said, citing: 

@® Brush cars with four-wheel coil 
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spring suspension in 1910 

@ Benz with gear shift lever on the 
steering column in 1888 

@ Schact with rear engine in 1909 

@ Pierce-Arrow with an all alumi- 
num body in 1923 

Objectives to satisfy the needs of 
motorists include roominess, pleasing 
styling, riding comfort and general ease 
of driving, lower tops, weight reduc- 
tion to improve performance and re- 
duce costs, improved visibility, and ade- 
quate engine capacity with gasoline 
economy. 


Steps in development of a new auto- 
mobile, the speaker said, were: 

@ Full sized blackboard layouts, 

@ Perspective renderings with styling 
developed around the basic passenger- 
carrying requirements, including ample 
headroom and legroom, 

@ Three-eighths size and full-size 
clay models. 

Finally, templates and drawings are 
furnished the Body Engineering De- 
partment for release of the body and 
sheet metal units. 

The chassis schedule beat the body 
















of the shoes, tending to stretch the drum out of 
shape; and high temperatures, sometimes running to 
The characteristic ribs on GUNITE 
Brake Drums look like cooling fins but are not. 
Their purpose is (1) to stiffen the drum and hold it 
in shape against the shoe pressures, (2) to permit 


over 1000°. 


the use of thinner sections and thus reduce internal 


Write for our new folder giv- 
| ing further information on the 
advantages of ribbed drums. 





GUNITE CAST WHEEL ASSEMBLIES FOR TRAILERS AND TRUCKS INCLUDE FAMOUS GUNITE BRAKE DRUMS 





GUNITE 


RIBBED - HEAVY DUTY 


BRAKE DRUMS 


THE REAL REASON FOR RIBS... 


Brake drums in heavy duty service are subject to 
severe flexing stresses imposed by the pressures of 


compressive and tensile stresses that produce “heat 
check”, and (3) to permit axial expansion of the 
braking surface at high temperatures, further tending 
to prevent heat check and breakage. The GUNITE 
rib design was developed by hundreds of gruelling 
over-the-road tests and its effectiveness has been dem- 
onstrated by a thousand million miles of silent proof. 
Buy RIBBED Gunites for heavy duty braking! 
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development on the 1949 Ford, he said. 
A million test miles were run on these 


chassis with reworked 1947 bodies. 
The experimental cars cost 25 to 50 
times as much as do production cars. 

To obtain maximum width of seats 
in the new model the rear seat was 
located ahead of the rear wheel hous- 
ing, and the engine had to be reposi- 
tioned forward. This transferred for- 
ward weight, and extensive brake 
system development was necessitated. 

Reduced engine friction increased 
economy of operation. 





“The entirely new line of postwar 
automobiles and commercial vehicles 
cost the company more than $100 mil- 
lion in new tools alone,’ he reported 
and added that seldom has any large 
industrial organization undertaken so 
huge a retooling program for a new 
line of car and truck models. 

During discussion Youngren said: 

@ Cost and upkeep of front wheel 
drive is not conducive to its use. Turn- 
ing radius is limited, four joints are 
required instead of two, and no known 
steering knuckle is capable of the serv- 
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ice required. 

@ Combined hydraulic-mechanica] 
transmissions are not now needed 

@ Expense, not the weight factor. 
deters development of an automobile 
engine light enough for small airplanes. 


James A. Hodges, Section vice-chair- 
man for passenger cars, presided fo]- 
lowing the introduction of guests by 
Section Chairman James W. Sinclair. 
Among these were Manager Cosley of 
the Nash Motors Division; Manager 
Fitzgerald and Robert Ott, superinten- 
dent of Chevrolet’s Los Angeles as- 


_ sembly plant; Ford District Sales Man- 








ager Boggs and J. P. Roberts, Ford 
Los Angeles district manager: E. M 
Douglas, vice-president of Studebaker 
Pacific Corp.; W. H. Minton, Fisher 
Body Division; Benjamin F. Tobin, Jr. 
executive vice-president, Continental 
Motors Corp.; and Henry L. Clark, 
general manager of the Los Angeles 


| Buick-Oldsmobile-Pontiac plant. 





Anderson Explains 
Buick Transmission 


—]. T. DUCK, Field E 


WASHINGTON Section, Oct. 12—The 
Buick Dynafiow transmission may be 
the long sought automatic transmis- 
sion providing optimum performance at 
all speeds, J. P. Anderson, Service Rep- 
resentative of the Buick Division of 
General Motors, told this section. 


According to Anderson, Dynafiow 
operation is smooth and completely au- 
tomatic, the driver is required to do no 
shifting once the vehicle is in motion, 
and continuously variable torque ratio 
is automatically selected. 


The Dynafiow consists primarily of a 
hydraulic torque converter coupled to 
a planetary gear train that provides a 
reverse and two forward speeds. 


A gear selector on the steering col- 
umn is set by the driver in the desired 
position for driving. The selector lever 
has five positions—Park, Neutral, Drive, 
Low, and Reverse. Although there are 
two forward speeds virtually all driving 
can be done with the selector in the 
Drive position, the speaker explained. 

Anderson pointed out that the torque 


|.converter of the Dynaflow is much su- 
| perior to a simple fluid coupling, both 


| in efficiency and in low-speed torque 


characteristics. Its maximum ef- 
ficiency, which occurs at high speeds 
is about the same as that of a fluid 
coupling, but at lower speeds both 
torque and efficiency are greatly in 
creased. Anderson added that the 
Dynaflow also has an advantage in that 
it allows the car to be started b) 
pushing. 
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New Members Qualified 


These applicants qualified for admis- 
sion to the Society between Oct. 10, 
1948 and Nov. 10, 1948. Grades of 
membership are: (M) Member; (A) 
associate; (J) Junior; (Aff.) Affili- 
ate: (SM) Service Member; (FM) 
Foreign Member. 





Baltimore Section: 
George Herbert Rice, Jr. (A). 


British Columbia Group: 
Patrick M. Howard (A), John O. 
McDonald (J), Philip E. Rogers (A). 


Buffalo Section: 
Francis J. Mambretti (J). 


Canadian Section: 

Douglas W. Marshall (A), James 
William Minton (J), Frank Charles 
Patterson (A), Arthur A. Scarlett (M), 
B. G. Southam (J). 


Central Illinois Section: 
Arnold O. Kramer (J). 


Chicago Section: 

William L. Barth, Jr. (A), Mahesh 
Govind (J), Lester L. Groce (M), 
Arnold E. W. Johnson (M), Robert H. 
Lindberg (J), Hubert John Thomiszer 
(J). 


Cincinnati Section: 
Roy W. Stiegler (A). 


Cleveland Section: 

Frank M. Allen (J), William L. 
Hamilton (J), Dan W. Holmes (A), 
Harry Franklin Hostetler (J), Niles A. 
Huggler (M), John Joseph Ivancic (M). 


Dayton Section: 
Harry Hill VanKirk, Jr. (M), Joseph 
S. Yasecko (M). 


Detroit Section: 

Edward S. Agni (J), Richard A. 
Armstrong (J), F. L. Bird (J), G. V. 
Craighead (A), Owen C. Creteau (J), 
Donald G. Dean (J), Ned E. Dixon 
(A), Samuel Brent Girdler, Jr. (J), 
U. B. Grannis, Jr. (A), William Hock 
(M), W. Philip Holcombe (J), Robert 
J. Kasurin (J), Harvey H. L. Mantey 
(J), Harry E. Miller, Jr. (J), George 


C. Shawley (A), George Sonnemann 
(J), Harvey C. Swift (M), Norman P. 


Zierk (J). 


Hawaii Section: 


Marcus R. Colburn, Jr. (A), Harvey 
Harakawa (J), Lester J. Howard (A). 


Indiana Section: 
Richard L. Cassman (J), Thomas L 
Kendall (M), Ralph M. Lehman (J) 


Metropolitan Section: 
Stanley E. Abramson (J), Arthur S 


Athens (J), John H. Boyle (A), Nor- 
man H. Collins (M), Wilbur Melvin 


(M), Alfred M. Morrow (J), George J. 


Munz (A), William Gethin Owen (A), 


Jerome Rubler (J), August H. Zoll (J). 


Mid-Continent Section: 

Glenn A. Carlson (J), Philip S. 
Donnell (M), Paul E. Griffith (A), 
Richard K. Peppard (A), Clarence L. 
Sterling (A). 


Milwaukee Section: 


Edwin Wyatt Walker (M), Frank R. 


Walker (J). 





HONED RACEWAYS 
give HOOVER ball bearings 





30 % tonger ite 





“y tion duplicated only by expensive laboratory samples. Specify 
Hoover Ball Bearings and secure the plus values of honed raceways 


° THE ARISTOCRAT 
OF BEARINGS 


Crook (M), Joseph C. Fox (M), John 


Heineman (A), William M. Kissam 
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and smoothness ever achieved on a commercial basis. 





HOOVER BALL AND BEARING CO. 


New England Section: 
Lawrence W. Kelly (A), Henry M. 
Strout (A). 


Northern California Section: 

Carrol W. Frazier (A), Roland T. 
Heyn (A), Gustavus Simmons Miller, 
Jr. (J). 


Northwest Section: 
David James Busch (J), Arthur T. 
Jackson (A). 









POLISHED 
GROUND 


honed by an exclusive method on special Hoover 

machines. The result is raceway curvatures representing 
the closest approach to perfection in uniformity, precision 
This 


means life and load capacity and a degree of quietness of opera- 


with HONED RACEWAYS 


ANN ARBOR, MICH. 


Long after the average ball 
bearing has been replaced, 
Hoover Honed Raceway Bearings 
will still be operating quietly, smooth- 
ly and efficiently. Hoover Ball Bearings 

follow the usual processes of grinding and 
polishing. Then comes a third step, a plus 
feature that only Hoover offers. The bearings are 


America’s only Ball Bearing 
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Oregon Section: Salt Lake Group: 


Stanley J. Coffey (A). Eugene Morgan Hubbard (A). 
Philadelphia Section: Southern California Section: 

H. Preston Albers (M), M. L. Fox A. E. Bell (A), Henry D. Cooper (M), 
(M), Vahey S. Kupelian (M). Joseph E. McGinty (M), Paul P. 


: : Mozley (M), John F. Nichols (J), Floyd 
Pittsburgh Section: Elliot Snow (M), Charles M. Towner 
Albert Pryibil McCauley, Jr. (J). (A), Bill C. von Esch (J), Harry C. 


% Williams (J), Donald Eli Witkin (J). 
St. Louis Section: 


Harry W. Decker (A), Rudolf Martin Southern New England Section: 
Hempel (J). Henry M. Horn (J), Jack Rodin (J). 
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ROREEBECK 


FOR THAT VITAL SPOT WHERE POWER TAKES HOLD OF THE LOAD! 





BORG &@ BECK DIVISION 
BORG-WARNER CORPORATION 


CHICAGO 38, ILLINOIS 
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Syracuse Section: 
Robert J. Miller (J). 


Texas Section: 

Eben W. Berry, Jr. (J), John Cherry 
(A), Ralph W. Morgan, Jr. (A), J. p. 
Stewart (A). 


Twin City Section: 
Earl Robert Hinz (M), Gordon w. 


Johnson (M), Howard William Smith 
(J). 


Virginia Section: 
Frank Keener (A). 


Washington Section: 

James Denny Clark (SM), Howard 
B. Edwards (SM), John Marshall (M), 
Koppula Subrahmanyam (J). 


Wichita Section: 
Charles Y. Allison, Jr. (J). 


Outside of Section Territory: 

Arthur Anthony Aymar (J), Quentin 
E. Benedict (M), H. F. Bloodworth 
(A), Harold Francis Caplett (J), 
Thomas Felton Cowley (A), Alvin R. 
Doyle, Jr. (A), D. L. Edlund (M), 
Vincent R. Herterick (J), Ray W. 
Johansen (A), Carl Klaffke (M), Roy 
B. Liggett (M), Thiele Patrick Mc- 
Gehee (A), Earl E. Mueller (A), Robert 


W. Rieger (J), F. W. Schwettmann 
(M). 


Foreign: 

J. J. W. den Haan (FM), Holland; 
Robert E. Glaenzer (J), France; Rus- 
sell Clarence Bertram Reeve (FM), 
England; Nils Olof Sefeldt (FM), 
Sweden; Marius Van Ramshorst (J), 
Holland; Frederick Owen Walker 
(FM), England; James Williamson 
(FM), England. 





Applications Received 


The applications for membership re- 
ceived between Oct. 10, 1948, and Nov. 
10, 1948 are listed below. 


Baltimore Section 
Harold E. Kent, John J. Smith. 


British Columbia Group 


Robert Cliff Sangster, Walter E. 
Umiker, Kenneth Murdock Wilson. 


Buffalo Section 
Raymond A. Lander, Jr 


Canadian Section 


Louis R. Clinton, John K. E. Cox, 
Richard Lee Cribb, William E. Hodg- 
son, Edwin Thomas James, William 
Kerr, Everett Richard Smith Mc- 
Laughlin, Herman G. Morrow, Charles 
C. Stenhouse, Sidney Epey Swallow, 
D’Arcy John Sweeney, Hubert Leslie 
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Take advantage of 
HYATT Experience 


As builders of the first, and today the finest roller bear- 
ings, Hyatt, in more than half a century, has accumulated 
a lot of application experience which should be helpful 
to you. 


Hyatt engineers are at your servicé, glad to assist you 


in solving your bearing problems whether you are de- 
signing a new machine or piece of equipment or modern- 
izing an existing design. 

Hyatt Roller Bearings are used by thousands of leaders 
in the automotive—industrial—agricultural—petroleum— 
construction and transportation fields. Costs you nothing 
to invite a Hyatt man to confer with you. Hyatt Bearings 
Division, General Motors Corporation, Harrison, N. J. 
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Taylor, James Joseph Wall, 
Vaughan Warlow. 


George 


Central Illinois Section 


Loren C. Bailey, Danforth K. Heiple, 
Homer Wayne Wickham. 


Chicago Section 


Robert Walter Boydston, Olin Brum- 
mer, Edward W. Carman, R. J. Carter, 
Norman Eugene Danielson, Joseph W. 
Early, Howard C. Grossenheider, Eu- 
gene J. Hardig, Elmer F. Heimbuch, 
Darwin Inman, E. S. Kavanaugh, Hugh 
G. Kepner, Louis C. Oswald, Chester E. 
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Palmer, John Seifner, Jr., Robert A. 
Shogren, Melvin T. Smith, Jr., Joseph 
Solar, John Toth, Frank R. Ward. 


Cincinnati Section 
William Howard Bischoff, Perry E. 


Schmidt, Roy K. Walther, Paul E. 
Westendorf. 


Cleveland Section 

J. G. G. Frost, Thomas F. Githens, 
Dileep Nilkanth Kashalkar, James R. 
Lee, Ralph William McCarty, Robert 


Allen Pejeau, William F. Stoermer, 
Frank H. Webber. 
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Servicing 


Design and build your products to suit their 
functional needs — and let us build clutches 
best suited to control and transmit their power. 
Given the operating essentials of your prod- 
ucts — we produce clutches to fit the specific 
needs of your product. Specializing in clutch 
building, our experience covers over thirty 
years of clutch research, design, production 
and field service in hundreds of industries. 
Write for our latest bulletin which shows typical 
installations of ROCKFORD CLUTCHES 
and POWER TAKE-OFFS with diagrams of 
unique applications; capacity tables; diam- 
eters and specifications. 


ROCKFORD CLUTCH DIVISION 


BORG-WARWNER 


316 Catherine Street, 


Rockford, titinois 


and Light 
\ “Machines 
Engines and 

Marine| ir = 
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Dayton Section 

J. Richard Anderson, Rodger fF. 
Geller, Arthur Sheldon Hall, Harold 
Bonham Hensley, Floyd F. Lachey. 


Detroit Section 

George W. Awtrey, Clifford lL. 
Barkell, Jerry Edward Cardillo, Wil- 
liam H. Coatney, Jr., Charles R. Cole. 
Howard Coleman, Clyde E. Evenson, 
Chester A. Garbacz, Mark J. Garlick, 
Jr., York R. F. Giddey, Thomas Max- 
well Greene, Harlan Ray Greenman, 
James Joseph: Griffin, Kenneth w. 
Kampman, Harold N. Lepisto, Alex C. 
Mair, Richard M. Nielsen, H. B. Reich, 
Richard B. Saltonstall, D. O. Sikes, 
Robert Harman Smith, Murray C. 
Triplett, Rex Wiltse, Robert W. Wolfe. 


Hawaii Section 

Robert M. Bailey, Philip E. Chase, 
Sueo Hayashida, Harry H. Smyth, 
Arthur N. Wayne. 
Indiana Section 

Fred J. Schmidt, Phineas R. Youngs 
III. 
Kansas City Section 

Joseph Edgar Storment. 


Metropolitan Section 


Clarence Milton Anderson, Vernon 
R. Bjorkman, Robert W. Forsyth, 
Robert E. Johnson, Stanley J. Kohl- 
man, Walter H. Langseder, David J. 
Long, Theodore A. Nerlinger, Leo 
Pavelle, Edwin Henry Snyder, Jr., 
Bernard Sznycer, Walter F. Velgot, Jr. 
Mid-Continent Section 


L. B. Goodson, Cameron L. Kerran. 


Mohawk-Hudson Group 

Edward S. Gallagher, Wilfred E. 
Kenny, Ulysses A. Michaels, Charles 
William Wyld. 
New England Section 

Richard T. Cole, George H. Sawtell, 
Robert Edward Scherr, R. E. Small. 
Northern California Section 

Jack Alex, Frank S. Bryan, H. H. 
(Bud) Redden, Harrison W. Sigworth. 
Northwest Section 

David E. Basor. 


Oregon Section 

Clifford E. Ashline, Erwin W. Eatock, 
John Andrew Neelands. 
Philadelphia Section 

Carl William Ferris, Vincent S. 
Glowacki, William C. Schuster, Gordon 
T. Seng, James Spense, Harold Fielding 
Watson, G. Wallace Zeller. 
Pittsburgh Section 

William L. Armstrong, Per Eric Eck- 
berg, U. G. Held, Hugh J. McGinn, Jr. 
St. Louis Section 

Henry J. Buelt, Leonard A. Cromer, 
Jr., Franklin J. Kern. 
Southern New England Section 

Robert W. Dixon, William J. Finnell, 
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Steam Drop Hammer 


Board Drop Hammer 


CHAMBERSBURG 
HAMMERS 


For over 50 years Chambersburg Engineering Company has specialized 
in building Forging Equipment. The high reputation which this com- 
pany enjoys is an acknowledgment of the service built into its products. 


Steam Drop Hammers 


The model “E” Steam Drop Hammer 
embodies many exclusive Chambers- 
burg features, such as differential cylin- 
der porting, frame-to-anvil construc- 
tion and many other features that result 
in more forging per blow, more blows 
per minute and accurate, close-limit 
forgings. 


Board Drop Hammers 


Made in belt drive or motor drive 
models. Modern design results in more 
accurate close-limit forgings,less down- 
time and lower maintenance cost. 


| Ceco-Drops 


The new Ceco-Drop will out-produce 
any existing gravity drop hammer. Op- 
erates On steam or air. No boards, no 
motors. Performance records show at 
least 10% more forgings than on con- 
ventional gravity drop hammers, with 
simplicity, safety and low maintenance 
as additional features. 


Self-Contained Pneumatic 
Forging Hammers 


Has a greater forging output than any 
other hammer of its type. Has heavier 
anvil, higher impact speeds, delivers 
more powerful blows and permits great- 
er ease in control of blows. Can be in- 
stalled anywhere regardless of steam or 
air supply. Operates from electric cur- 
rent with built-in air compressor. 


Steel Side Trimming Presses 


Sturdy construction, due to pat- 
ented Forged Steel Side Frames, 
makes these presses ideal for trim- 
ming, blanking, punching, bend- 


ing and shaping operations. Continuous 
operation, low power consumption and 
minimum floor space. Easily accessible 
from front or back: 


Single Frame Forging Hammers 


High Frame provides greater working 
space than any other single frame ham- 
mer. Can forge large dics, and rings, 
upset high stems, form arch bars, etc., 
most economically. 


Double Frame Forging Hammers 


For the most exacting forging require- 
ments. Greater forging capacity per 
blow, more work at higher tempera- 
tures, savings in power and operating 
costs. Provides positive, easy control. 


Cecostamps 


A. high production, impact-type st: mp- 
ing machine for drup stamping light- 
weight, high strength, hard-to-form 
alloy sheet metal parts. Uses inexpen- 
sive, easily made dies of lead, zinc, Kirk- 
site or similar metals. No matter how 
springy or resilient the sheet may be, 
a single blow from the Cecostamp re- 
sults in a permanent set. Installed in 
many of the country’s important sheet 
metal shops as well as in most of the air- 
craft manufacturing plants in the world. 


Railway Car Wheel and 
Driving Wheel Presses 


Chambersburg Hydro-Pneumatic 
Wheel Presses embody the highest de- 
gree of speeed, efficiency and economy, 
and represent the best in- 

vestment for their type. For 

mounting and demounting 

in shortest space of time. 


Send for Complete Bulletins 


CHAMBERSBURG 


CHAMBERSBURG 


Pneumatic Hammer 


Steel Side Trimming Press 


ENGINEERING CO. 
PENNSYLVANIA, U.S. A. 


Single High Frame Guided 
Ram Forging Hammer 


A 


Double Frame Guided 
Ram Forging Hammer 


4 


Cecostamp 


High Speed Duplex Mounting and Demounting Car Wheel Press 











Frederick J. Garbarino, Winthro Ed- 
ward Hilding, William Edward Mont- 
ville. 


Southern California Section 


David William Ardian, Stewart A. 
Bayne, Arthur P. Hayt, Herman Heidt, 
James Theodore Hird, Richard Hilton 
Leonard, DeSilva Illesinghe, William E. 
Keane, Frank Kurtis, Herbert F. Sam- 
mons, Hubert Henry Smith, James W. 
Winale. 


Spokane-Intermountain Section 
Lyman A. Powell. 


ssential... 


Twin City Section 

Charles A. Amann, Peter Axel Ras- 
mussen, William Marcus Sanford. 
Virginia Section 

Hugh K. Green, Donald Haig 
Hinshelwood, Winfrey Yeamans John- 
son, Jr., Ryland Maxey Morris, Clai- 
borne F. Powell. 
Washington Section 

James Sterling Stelzer. 


Williamsport Group 
Harold E. Hagerty, Adam E. Sie- 





fo TOP PERFORMANCE 


tn Today’s High-Efficiency 
Cars and Commercial Vehicles 


DOLE 


New-Type “DV” Thermostats 


Designed to meet the needs of the modern 
cooling system, Dole “DV” Thermostats 
have long life power to control high pump 
pressures. Full seating pressure gives quick 
warm-up and operation is not affected by 
the installation of a pressure cap. All these 
factors contribute to improved cooling. 
New type thermal element proved in use 
for many years in other thermostatically- 





>, 





controlled products. Four types give broad 


coverage of design needs. 
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CONTROL WITH 
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COMPANY 


1901-1941 Carroll Avenue, Chicago 12, Illinois 


PHILADELPHIA 
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minski, Clair N. Wikander. 


Outside of Section Territory 


Raymond Harold Bohman, William 
Ross Border, Jr., William M. Cade, N. 
A. Carter, Sr., Ed. C. Merry, Douglas A. 
Philbrook, Subhi S. Shaat, George L. 
Trentham, Jr., William Stanley Zart- 
man. 


Foreign 

Thomas William Gregory, Union of 
South Africa; Rogerio Nogueira da 
Silva Rego, Brazil; Geoffrey Roberts, 
England; Nicholas Straussler, England. 


Change of Address 


So that your SAE mail will reach 
you with the least possible delay please 
keep SAE Headquarters and the Sec- 
retary of your local Section or Group 
advised of any changes in your address. 
Such notices should be sent to: 


1. Society of Automotive Engineers, 
Inc., 29 West 39th St., New York 
ee 

2. The Secretary or Assistant Secre- 


tary of your Section or Group at the 
addresses listed below: 


Baltimore 

R. D. Taber, Koppers Co., Piston 
Ring Div., Bush & Hamburg Sts., Bal- 
timore 3, Md. 
Buftalo 


Robert D. Best, Fredric Flader, Inc., 
583 Division St., N. Tonawanda, N. Y. 


Canadian 


C. E. Phillips, Perfect Circle Co., Ltd., 
175 Wicksteed Ave., Leaside, Ont., Can. 


Central Illinois 

K. J. Fleck, Caterpillar Tractor Co., 
Peoria, Il. 
Chicago 


T. A. Scherger, Studebaker Corp., 
Main & Bronson Sts., South Bend 27, 
Ind. 


Cincinnati 


W. A. Kimsey, R. K. LeBlond Ma- 
chine Tool Co., Madison Ave. & Ed- 
ward Rd., Cincinnati 8, Ohio 


Cleveland 

(Miss) C. M. Hill, 7016 Euclid Ave., 
Cleveland 3, Ohio 
Dayton 

R. S. Goebel, Production Control 
Units, 901 Shroyer Rd., Dayton 9, Ohio 
Detroit 


(Mrs.) S. J. Duvall, Detroit Office, 
SAE, 100 Farnsworth Ave., Detroit 2, 
Mich. 


Hawaii 


E. G. McKibben, Pineapple Res. Inst., 
P.O. Box 3166, Honolulu 2, T. H. 


SAE JOURNAL 











Air'and Vacuum ~~ 
Shovel and Crane Controls 


~ Bus Door 
Controls 








Air Brake Kits Slack Adjusters Vacuum Brake Kits 


THE MIDLAND STEEL PRODUCTS COMPANY 
6660 MT. ELLIOTT AVENUE + «+ DETROIT 11, MICH. 
Export Department: 38 Pearl Street, New York, N. Y 
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Indiana 
R. P. Atkinson, Allison Div., General 
Motors Corp., Indianapolis, Ind. 


Kansas City 

F. V. Olney, Gas Service Co., Kansas 
City Mo. Div., 842 Grand Ave., Kansas 
City 6, Mo. 


Metropolitan 

(Miss) J. A. McCormick, Society of 
Automotive Engineers, 29 West 39th 
St., New York 18, N. Y. 


Mid-Continent 
W. K. Randall, Carter Oil Co., P.O. 
Box 801, Tulsa,- Okla. 


Milwaukee 
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You can save 3 WAYS with... 


Essex Packaged’ Wiring Harness 


1. ENGINEERING 
2. FIRST COST 


3. INSTALLATION 


H. M. Wiles, Waukesha Motor Co., 
Waukesha, Wis. 


New England 
W. F. Hagenloch, Lenk, Inc., 1305 
Boylston St., Boston 15, Mass. 


Northern California 

H. M. Hirvo, Enterprise Eng. & Fdy. 
Co., 600 Florida St., San Francisco 10, 
Calif. 


Northwest 


C. F. Naylor, Ethyl Corp., 1411 Fourth 
Ave., Seattle, Wash. 


Oregon 
Ray Mobley, Wentworth & Irwin, 
Inc., 1005 W. Burnside, Portland 9, Ore. 
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Scores of manufacturers have 
found that they save time, trouble and 
money by turning their electrical wiring har- 
ness problems over to Essex specialists. 


Essex One-Source service handles the 
intricate job of producing lighting, igni- 
tion and control harness assemblies cus- 
tom-built to your exact specifications and 
complete with all manual and electrical 
control devices for quick, efficient in- 
stallation. 


Through intensive specialization in 
wiring harness assemblies, Essex has 
developed line production methods of 
manufacturing, assembly and inspection, 
for the economical production of high 
grade, individually tested, specially en- 
gineered assemblies. 





& 


Investigate Essex “One-Source” service today! 


wee] ESSEX WIRE CORPORATION 
WIRE ASSEMBLY AND CORD SET DIVISION 
SALES DEPARTMENT 
PRODUCTS MONTICELLO, INDIANA 


Sales Offices: Atlanta, Ga.; Boston, Mass.; Chicago, Ill.; Cleveland, Ohio; Dallas, Texas; 
Dayton, Ohio; Detroit, Mich.; Kansas City, Mo.; Los Angeles, Calif.; Milwaukee, Wis.; Newark, N.J.; 
Philadelphia, Pa.; Portland, Oreg.; St. Louis, Mo.; San Diego, Calif.; San Francisco, Calif. 


EXPORT SALES OFFICE—LIONEL-ESSEX INTERNATIONAL CORPORATION, 15 E. 26th ST.,NEW YORK 10,N.Y. 
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Philadelphia 


Laurence Cooper, Autocar Co., Lan. 
caster Ave., Ardmore, Pa. 


Pittsburgh 

J. E. Taylor, Gulf Research & De. 
velopment Co., P. O. Drawer 2038, 
Pittsburgh 8, Pa. 


St. Louis 

R. T. Adolphson, Sunnen Products 
Co., 7910 Manchester, St. Louis 17, Mo. 
San Diego 

H. L. Stone, 1561 Catalina Blvd., San 
Diego, Calif. 
Southern California 

C. L. Fernau, Standard Oil Co. of 
Calif., 605 W. Olympic Blvd., Los An- 
geles 36, Calif. 
Southern New England 

C. O. Broders, Pratt & Whitney Air- 


craft Div., United Aircraft Corp., 400 
Main St., E. Hartford, Conn. 


Spokane- Intermountain 

J. F. Conner, Auto Interurban Co., 
W. 508 Cataldo, Spokane, Wash. 
Syracuse 

W. F. Burrows, Aircooled Motors, 
Inc., Liverpool Rd., Syracuse 8, N. Y. 
Texas 

E. C. Steiner, OEM Industries, 301 
N. Justin St., Dallas, Texas 
Twin City 

R. J. Strouse, Mack-Int’l Motor 
Truck Corp., 2505 University Ave., St. 
Paul 4, Minn. 
Virginia 

S. L. Baird, Fairfield Transit Co., 
R.F.D. 1, Sandston, Va. 
Washington 

H. A. Roberts, G. M. Roberts Brothers 
Co., 17th & U Sts., N. W., Washington 
9, D. C. 
Western Michigan 

L. W. Kibbey, Sealed Power Corp., 
500 Sanford, Muskegon Heights, Mich. 
Wichita 

M. L. Carter, Southwest Grease & Oil 
Co., Inc., 220 W. Waterman, Wichita 
2, Kansas 

GROUPS 

British Columbia 

Burdette Trout, Truck Parts & 
Equip., Ltd., 1095 Homer St., Van- 
couver, B. C., Can. 
Colorado 

S. G. Scott, Fenner Tubbs Co. 1009 E. 
Fifth Ave., Denver, Colo. 
Mohawk-Hudson 

Lester Anthony, Albany Transit Co.., 
Inc., 135 Ontario St., Albany 5, N. Y. 
Salt Lake 

H. C. Slack, Fruehauf Trailer Co. 
1082 S. Second W., Salt Lake City, Utah 
Williamsport 

J. W. Hospers, Lycoming Div. Avco 


Mfg. Corp., 1515 Park, Williamsport, 
Pa. 
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CLARK FORK TRUCKS 
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Look upon*yoour. busit ness as a fertile 


~ 


field, rich in opportunities for 


substantial savings— opportunities 


SANAAAA YS 


that can be quickly and 
fully realized by application 


of Clark fork trucks and industrial 


towing tractors. A Clark survey and 
recommendation is objective and 
wholly unbiased, because Clark builds 
both electric battery-powered and 


gas-powered equipment. 


It pays to CONSULT CLARK. 


== INDUSTRIAL TRUCK DIVISION 


CLARK EQUIPMENT COMPANY, BATTLE CREEK, MICHIGAN 


OTHER PLANTS: BUCHANAN, JACKSON, BERRIEN SPRINGS, MICHIGAN 


SEE OTHER SIDE 








MATERIAL a BIGGER exhibit 
HANDLING 


of BETTER machines 
TO DO MORE WORK AT 
LOWER cost... 


the Thind National 








No man who has not seen the National Materials Handling Exposition can 
wholly comprehend the amazing revolution taking place in Industry's methods of 
handling materials. 

This Exposition has been and will be in 1949 a veritable Panorama of 
Progress—a brilliant and comprehensive presentation of new methods and new 
devices designed to lighten Labor's physical burden and Industry's burden of cost. 

The 1949 Exposition will be held in Philadelphia January 10 through 14 
and will constitute a broad view and preview of "industrial history in the mak- 
ing.”’ It will be the most convincing demonstration of all time that the Science of 
Materials Handling although now well out of swaddling clothes is eternally new 
—that it is a never ending process of evolving new and better methods and 
equipment to the end that our National economy can shake off the shackles of 
old, inefficient and time consuming practices which have become prohibitively 
costly both in human energy and in dollars. 


Every executive, whether of a large . Without fail, look well at the 
— =. — ~ is pan ero exhibit of Clark fork-lift trucks, 
oO abreast of new an r ; ; 4 e 
meth ov & can employ profitably this special handling attachments 


1. Visit the THIRD NATIONAL *This is firmly in line with the sound 
EXPOSITION in Philadelphia, and accepted doctrine that it is good 
January 10 to 14, 1949. business to CONSULT CLARK. 


CLARK FORK Tucks 


AND INDUSTRIAL = TOWING TRACTORS 


INDUSTRIAL TRUCK DiV., CLARK EQUIPMENT COMPANY eartce creex 69, micn. 
REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 


AUTHORIZED CLARK INDUSTRIAL TRUCK PARTS AND SERVICE STATIONS IN STRATEGIC LOCATIONS 
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Lubricant-Retaining 


BEARINGS AND PARTS FOR EVERY REQUIREMENT 


Oil-Retaining Porous 
Bronze Bearings 


Maintain an oil film for thousands of 
operating hours without oil replenishment; 
no oil holes or grooves. The outstanding 
achievement of Powder Metallurgy. Pure 
metal powders die pressed to shape and 
impregnated with lubricant up to 35% by 
volume. Why not write for illustrated 


bulletin? 


POWDIRON® 


Sintered Iron 
Parts and Bearings 





Tough ... and Smooth. Choice of a 
number of alloys made from pure iron 
powders. Can be economically adapted 
to many special machine parts such as 
gears, pole pieces, bearings, with or with- 
out lubrication. Used when load conditions 


call for heavy duty service. Write for 
bulletin. 


BOUND BROOK® 


Graphited Bronze 
Heavy Duty Bearings 





They “take a beating" and give excellent 
service under most severe operating con- 
ditions. Popular on those hard-to-lubri- 
cate jobs. Inlaid with hard, enduring 
graphite lubricant; reduce friction, main- 
tain bearing service in inaccessible or 
remote places. Ask for bulletin. 





At your Service: Whatever your bearing problems, our engineering 
service department can speedily help you solve them. We are not 
limited to ONE class of bearing and will collaborate with you with one 
idea in mind—to help you build "Better Machines and Appliances.” 


BOUND BROOK OIL-LESS BEARING COMPANY = Ettsblithed 1883. + Manufacturers of 


Metal Powder Products Since 1921 
Main Office and Plants: Bound Brook, New Jersey * Branch 1255 Book Building, Detroit 26, Michigan 


Sales and Service Representatives: Ritchie Engineertag Company, 3509 Irving Avenue, South, Minneapolis 8, Minnesota 
Atlas Brass Foundry, Inc., 1901 Santa Fe Avenue, Los Angeles 21, California * In Canada: Dominion Bearings, Ltd., 272 Van Horne Street, Toronto 
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OTHER STACKPOLE 











PRODUCTS 








ELECTRICAL CONTACTS 





MERCURY ARC RECTIFIER ANODES 





BATTERY CARBONS 





WATER HEATER ELECTRODES 





ELECTRIC FURNACE ELEMENTS 





RESISTANCE BRAZING TIPS 





WELDING CARBONS 





SEAL RINGS « BEARING MATERIALS 





GRAPHITE ANODES 





CARBON MOLDS & DIES 





CONTINUOUS CASTING DIES 






CARBON PILE VOLTAGE REGULA- 
TOR DISCS 


POWER TUBE ANODES 





FRICTION SEGMENTS 






PASTEURIZATION ELECTRODES 





PANTOGRAPH SHOES 
RAIL BONDING MOLDS 
BRAZING FURNACE BOATS 
DASH POT PLUNGERS 


“EVERYTHING 
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FRICTION. . TEMPERATURE 
CORROSION...SHAFT SEALING 
AND ARC PROBLEMS... 
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What is YOUR application problem? 
Need a material that can be heated to 
4000° F. and thrown into cold water 
without cracking ... that will resist 
atmospheric surface action while re- 
taining constant contact resistance... 
that will have low friction (graphite) 
or high friction (carbon) or any inter- 
mediate frictional value? 


Stackpole Carbon and Graphite com- 
ponents handle all of these assignments 
—and many more. Chemically, electri- 
cally, and mechanically, Carbon and 
Graphite offer far flung engineering 
advantages—and, for almost a quarter 
ofa century, Stackpole design and prod- 
uction service has paced the trend in 
progress along many important lines. 


RIN MT. 





WRITE FOR THIS BIG CARBON GRAPHITE Book: 


In addition to a wealth of informative data, the new Stackpole Carbon-Graphite 
Specialties Catalog #40 describes hundreds of items regularly produced. More 
particularly, it contains interesting evidence of the ability of Carbon and 
Graphite to solve a broad range of design, engineering and production prob- 
lems—and of Stackpole’s facilities for producing what is needed. 


STACKPOLE CARBON COMPANY, 



























IN CARBON BUT DIAMONDS” 











6 Years... Over 260,000 miles 


with no interruption in service... 
for Unit equipped with 
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. and ' ce Y th 
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Check these features that are so desir- ” driver and xe 


able in Automotive Air Brake Systems: 
Rotary motion of all moving parts... 
In running balance at all times... 
Longer belt life due to more uniform 
torque loading...Low friction losses 
—therefore high operating efficiency 
...A predetermined air pressure 
range automatically maintained... 
Operating parts are lightly stressed, 
thereby insuring long life and low 
maintenance cost... Extremely 
quiet in operation... Self-con- 
tained oiling system—uncon- 
taminated by engine waste 
products... Compact—re- 
quires minimum installation 
space... Low operating tem- 
perature prevents carbon 
formation in the compres- 
sor and delivery lines... 
Adaptable to all types of 
automotive systems. a 
















. The enthusiastic praise in this 
Wagner Electric ©rporatio unsolicited letter is typical of what users say about Wagner Air Brakes — 


6378 PLYMOUTH AVE., SAINT LOUIS 14, MO., U. S. A. The only Air Brakes that have the famous Rotary Air Compressor. 


These outstanding air brakes can help buyers of the vehicles you manufacture 
by assuring minimized brake maintenance and increased safety. Get complete 
information today. Write for Bulletin KU-50B. 














162 SAE JOURNAL, DECEMBER, 1948 











ERE A ETE OE, AA 





35 years ago the makers of Bohnalite Pistons produced the 

original aluminum piston from which was developed today’s 

advanced Bohnalite Piston, so outstanding in high per- 5 
formance standards as well as remarkable wearing qualities. 

Millions of Bohnalite Pistons are in use and go into use ALUMINUM 

annually as original equipment. 


ALLOY PISTONS 


BOHN ALUMINUM & BRASS CORPORATION General Offices—Lafayette Building Detroit 26, Michigan 



















SSCS Propeller Shaft Boxes are popular with ieading 
truck manufacturers because: One, they absorb hard, 
jolting shocks when a heavily loaded truck encounters 
rough going. T'wo, an SOLS{P Self-Aligning Ball Bearing 
compensates for chassis weave and frame distortion, 
Three, only infrequent lubrication is required, and main- 
tenance costs are minimized. All of which have a direct 


P| U 4 os Pe rfo r m d n C é€ bearing on low mileage costs, maintained delivery sched- 


{ ules, and increased profits. 6494 


propeller shafts 
on BROCKWAY 
TRUCKS 


asfsF INDUSTRIES, INC., PHILADELPHIA 832, PA, 


@ Built by 


BROCKWAY MOTOR 
COo., INC. 
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BUS TRANSPORTATION 
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100% of the Sparcling companies 
winning the 1948 Bus Transpor- 
tation Maintenance Awards 
use Spicer -equipped 
busses... convincing proof 


of Spicer - products 
dependability. 
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SPICER MANUFACTURING SERVICE 


Division of Dana Corporation + TOLEDO 1, OHIO 


TRANSMISSIONS . PASSENGER CAR AXLES e« CLUTCHES es PARISH FRAMES ©*© TORQUE CONVERTERS 
STAMPINGS e¢ UNIVERSAL JOINTS’ e SPICER “BROWN-LIPE” GEAR BOXES © RAILWAY GENERATOR DRIVES 
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A COMMUTER NAMED 
ALI BEN ZUG, 


Found out he could 
travel by rug. 
In that airily slow moving league 


There was little of stress and fatigue 


(AHEM!) 
What a wonderful place for a plug. 


In today’s flying machines 
where higher horse power de- 
mands lightness and compact- 
ness of design, the metallurgi- 
cal integrity and skilled crafts- 
manship of the Indiana Gear 
Works render an invaluable 


service. 









ATTENTION MR. ZUG: 


This 9” overrunning 
clutch and internal 
gear is held to within 
.002” for concentricity 





GEARS + CAMS + INTRICATE AND 
PRECISE MACHINE PARTS 














WEST COAST 
Factory Representative 


with many years experience in territory can 
take on an additional account that sells to 
automotive or aircraft trade. 








Box 337, S.A.E. Journal 
29 West 39th St., New York 18, N. Y. 














20 New and 7 Revised 
Aeronautical Material Specifications 


were issued 
November 1, 1948 


For further information please write 


‘Society of Automotive Engineers 
29 West 39 Street, New York 18, N. Y. 
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ASSISTANT 
CHIEF DESIGN 
ENGINEER 


1 


= pm 3 —— 


Large Midwestern Company re- 
quires the services of a Product H) 
and Design Engineer with in- 3 
dustrial art experience, to de- Y 
velop major home appliances i 
and equipment. ‘ 
Position requires thorough 
knowledge of pressed metal 
fabrication, mechanical equip- 
ment, porcelain and synthetic 
enameling. 

Replies held in strictest confi- 
dence. Our organization knows 
of this advertisement. 


Box 339, S.A.E. Journal 
29 West 39th St., New York 18, N., Y. 
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THE PERFECT CIRCLE 


IT’S RUMORED THAT: The downdraft 
carburetor and automatic spark advance were used 
as early as 1902! 


That’s a fact. The 1902 chain-drive, rear-engine Rambler 
had these innovations incorporated in its first model. 
The Rambler was succeeded by the Jeffrey, and the 
name was later changed to Nash! There the name changes 
stopped. It’s been Nash since 1917. 

Contributed by Ralph R. Weeker, Upper Darby, Pa.* 


iT’Ss RUMORED THAT: 
it’s us — four-to-one! 

Yes, and thank you, very much! A recent survey of auto- 
motive engineers, readers of the S.A.E. Journal, showed 
Perfect Circle leading by better than four-to-one in first 
place answers to the question: ‘“‘What is the best engi- 
neered piston ring?’’ The survey was conducted by an 
independent survey company. We are happy that you 
think we know our job. 


You, gentlemen, say 
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IT’S RUMORED THAT: Salt treated tire treads 
have been developed for icy roads! 

That’s right. The manufacturer claims that up to 30% 
better traction is developed by a new rock-salt treated 
tread. The process is intended for recapping purposes 
rather than for new tires. It is hoped that the result will 
be safer driving under winter conditions, although it is 
not designed to replace skid chains. 


iT’S RUMORED THAT 
testing a “rubber street’’! 


Yes, it’s true. Shreds of synthetic rubber are mixed with 
asphalt blacktop and the resultant ‘“Shot-mix’’ applied to 
the street. Experimenters claim that the new surface is 
more waterproof and resilient, hence less likely to crack 
under freezing conditions, and that it also wears better. 
For purposes of the test, one-half the street is paved 
with the new mix and the other 

with regular asphalt. 

Mighty snappy! 


In Akron, they are 


*Perfect Circle pays $50.00 for any Rumor accepted for this page. 
None can be returned or acknowledged, and all become PC’s property. 
Send yours to Perfect Circle Corporation, Hagerstown 9, Indiana. 
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